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PREFACE 

Electrical  apparatus  enters  so  deeply  into  the  design  and  op- 
eration of  the  modern  motor  car  that  it  is  impossible  to  operate 
or  repair  intelligently  any  motor  vehicle  without  some  knowledge 
of  how  electricity  has  been  applied  to  the  car  and  without  a 
fair  idea  of  how  such  electrical  phenomena  as  we  find  in  the 
^^  car  are  produced. 

J^  It  is  unfortunate  that  so  important  a  feature  of  the  modern 

car  has  been  regarded  so  long  as  something  mysterious  and  one 
s  which  none  except  an  expert  may  thoroughly  understand.  Much 
^  of  this  atmosphere  of  mystery  has  been  thrown  about  the  elec- 
^  trical  apparatus  of  the  car  by  the  lack  of  really  thorough  printed 
^  matter  on  the  subject.  The  majority  of  the  books  which  treat  of 
Oio  electricity  as  applied  to  the  car  have  assumed  considerable  know- 
ledge of  elementary  electricity  on  the  part  of  the  reader,  and  hence 
have  rather  befogged  the  issue  in  the  minds  of  any  who  attempt  to 
study  them  without  some  previous  knowledge  of  the  subject. 

It  was  with  the  idea  of  treating  the  entire  electrical  appa- 
ratus in  its  relation  to  the  car  from  the  standpoint  of  one  who 
knew  absolutely  nothing  of  electricity  that  a  series  of  articles  was 
prepared  and  published  in  ''Motor  Age.*'  This  series  was  re- 
printed in  this  book  with  such  additions  and  changes  as  inquiries 
and  suggestions  from  readers  of  ''Motor  Age"  had  made  it  seem 
advisable. 

The  present  volume  is  designed  to  give  the  owner  and  re- 
pairman, whether  or  not  he  be  an  electrical  expert,  that  knowl- 
edge of  the  fundamentals  of  electricity  and  its  application  to 
cars  in  general  that  will  permit  him  to  properly  operate,  care 
for  electrical  equipment  of  any  car  and  repair  any  electrical 
trouble  in  any  car. 

It  is  urged  that  in  using  this  volume  the  reader  be  certain 
that  he   understand  the  fundamentals   of   electricity   as   outlined 
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in  the  earlier  chapters  before  he  attempts  to  understand  the 
practical  applications  of  electricity  as  outlined  in  later  chapters. 

A  later,  volume  which  will  incorporate  the  matter  now  run- 
ning serially  in  ''Motor  Age''  will  be  concerned  wholly  with  the 
electrical  equipment  of  individual  cars,  taking  up  all  of  the  more 
common  cars  with  explanations  of  their  equipment  and  of  the 
care   of   each   particular   installation. 

The  two  volumes  will  be  independent,  but  the  later  one  pre- 
supposes a  thorough  understanding  of  the  matter  covered  in  this 
first  volume. 

In  this  the  effort  has  been  to  tie  the  new  ideas  of  electricity 
up  with  the  more  common  things  of  everyday  life  with  which 
the  readers  are  familiar.  For  this  reason  such  analogies  as  the 
analogy  of  the  flow  of  electricity  to  the  flow  of  water,  and 
similar  comparisons  have  been  carried  throughout  the  work. 

DAVID    PENN   MORETON 
DARWIN  P.  HATCH 
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ELECTRICAL  EQUIPMENT 
OF  THE  MOTOR  CAR 

CHAPTER  I 

Fundamentals  of  Electrical  Circuits 

ELECTBICITY  in  its  many  applications,  as  found  on  the  modern 
motor  car,  plays  no  small  part  in  the  successful  and  satisfactory 
operation  of  the  motor  car  as  a  unit  and  the  degree  of  comfort  and 
luxury  it  is  possible  for  the  manufacturer  to  provide. 

It  is  responsible  for  the  spark  that  ignites  the  mixture  of  gas 
and  air  in  the  cylinder  and  makes  the  engine  operate;  it  lights  the 
car,  starts  the  engine,  and  operates  the  horn.  There  are  cars  in 
vfhich  it  heats  the  fuel;  others  in  which  it  shifts  the  gears  and  in 
some  still  newer  designs,  even  replaces  clutch  and  gearset  in  the 
transmission  of  the  power  of  the  engine  to  the  rear  wheels. 

The  exact  nature  of  electricity  is  not  known  and  no  attempt  will 
be  made  to  give  any  explanation  as  to  what  it  may  be.  You  can, 
for  convenience,  think  of  electricity  as  being  the  name  given  to  that 
something  which  produces  certain  results  which  we  call  electrical, 
such  as  lighting,  the  arc  formed  when  a  trolley  wheel  breaks  con- 
tact with  the  trolley  wire,  the  sparks  formed  in  stroking  the  cat's 
back,  etc.  We  are  all  familiar  with  the  fact  that  if  we  step  out 
of  a  window  without  any  means  of  support,  we  are  sure  to  fall  to 
the  ground  or  sidewalk.  The  reason  of  our  falling  is  due  to  the 
attraction  of  the  earth  on  our  bodies,  which  is  called  gravity.  The 
exact  nature  of  this  attraction  is  not  known  any  more  than  the  exact 
nature  of  electricity  is  known.  The  action  of  gravity  under  cer- 
tain definite  conditions,  however,  is  well  known,  and  so  is  the  action 
of  electricity  under  certain  definite  conditions  quite  well  known. 


10  ELECTRICAL  EQUIPMENT  OF  THE  MOTOR  CAR 

Since  we  know  the  actioo  of  electricity  under  definite  conditions, 
it  is  powible  to  make  prnctical  use  of  it  in  operating  llie  tampe, 
Btarting,  motor,  etc.,  on  the  motor  car,  even  though  its  fxact  nature 
is  not  known.  For  the  sake  of  convenience  in  dealing  with  elec- 
tricity, we  can  think  of  it  as  a  fluid  such  as  water,  but  it  must  be 
remembered  at  all  times  that  this  siniilarity  has  to  do  with  the 
action  only  and  does  not  necessarily  mean  that  the  two  are  identical. 

The  Electrical  <^ciat 

The  electrical  circuit  is  the  fundamental  basis  of  the  many  appli- 
cations of  electricity  to  the  motor  car,  and,  in  order  to  underatand 
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thoroughly  the  principles,  operation  and  maintenance  of  these  appli- 
cations, it  is  essential  that  ne  have  a  quite  complete  knowledge  of 
the  electrical  circuit  and  its  more  common  properties  and  char- 
acteristics. 

The  electrical  ciroail  is  the  path  in  tpkieh  the  electricity  flowg, 
just  as  the  water  pipe  is  the  path  in  which  the  water  flows  or  a 
river  bed  is  the  path  in  which  a  river  flows. 

There  is  one  great  difference,  however,  between  the  electrical  cir- 
cuit and  the  ordinary  circuit  in  which  the  water  flows,  and  that  is 
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that  the  electrical  circuit  is  always  closed  on  itself  while  the  water 
circuit  is  not  necessarily  always  closed. 

This  difference  may  be  illustrated  by  two  different  examples  as 
follows:  Suppose  we  take  a  small  lamp  and  connect  it  to  a  storage 
battery  by  means  of  wires  and  a  switch,  as  shown  in  Pig.  1.  There 
will  be  no  flow  of  electricity  through  the  lamp  unless  the  switch  is 
closed,  or,  as  we  say  in  practice,  unless  the  circuit  is  complete.  In 
the  case  of  the  flow  of  water  in  a  pipe,  the  pipe  may  be  conducting 
the  water  from  one  tank  to  another  as  shown  in  Fig.  2  and  it  is  not 
necessary  to  have  a  pipe  from  the  second  or  lower  tank  back  to  the 
first  or  higher  tank  in  order  that  there  be  a  flow  of  water  in  the 
pipe. 

The  fact  that  the  electrical  circuit  must  he  complete  and  cannot 
merely  conduct  electricity  from  one  point  to  the  other,  as  the  pipe 
conducts  water  from  one  tanh  to  the  other,  Fig.  2,  is  the  keynote  of 
the  electrical  circuit.  Referring  to  Fig.  1 — the  complete  electrical 
circuit  is  made  up  of  many  parts,  wires,  lamps,  switch,  battery  ter- 
minals, battery  plates,  electrolite,  etc.,  all  combined  in  a  continuous 
path,  circle  or  circuit,  as  you  choose  to  call  it. 

We  can  think  of  the  electrical  circuit  just  as  we  think  of  the 
circle;  that  is,  it  is  continuous  and  has  neither  beginning  nor  end. 
If  we  started  at  any  point  on  the  electrical  circuit  and  follow  along 
the  circuit  we  will  arrive  at  the  point  from  which  we  started  just 
as  we  return  to  the  starting  point  in  following  along  a  circle,  regard- 
less of  the  point  from  which  we  started. 

In  order  to  emphasize  the  importance  of  the  reader  getting  this 
circuit  or  circle  idea  thoroughly  in  mind,  the  various  circuits  of  the 
modern  motor  car  are  indicated  in  their  circular  form  in  Fig.  3. 
These  circuits  and  their  relations  to  each  other  will  be  taken  up  in 
detail  later.  It  is  not  humanly  possible  to  make  changes  or  locate 
troubles  in  the  electrical  equipment  of  a  car  unless  this  circuit  idea 
is  followed,  either  consciously  or  unconsciously. 

The  circle  or  circuit  is  to  electricity  what  the  metal  rails  are  to 
the  railroad  train.  Your  train  cannot  run  without  the  track,  as 
electricity  cannot  be  made  use  of  except  in  a  circuit. 

Let  us  draw  a  circuit  parallel  from  nature:  If  we  follow  a  drop 
of  water  along  one  of  Nature's  circuits,  as  shown  in  Fig.  4,  the 
water  falls  as  rain  upon  the  ground,  runs  into  the  little  brooks, 
creeks,  larger  rivers  and  then  into  the  ocean,  where  it  is  in  turn 
evaporated  by  the  sun,  then  carried  over  the  land  in  the  form  of 
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Fig.  3 — The  major  ciroaiti  in  tke  motor  car.  Startino,  tiglitino,  Iff- 
Ifon,  aionalUng  and  all  electrical  features  of  the  car  are  operated  In 
complcfe  drcviU  tcMch  are  Indicated  Acre  at  oirclea 


FUNDAMENTALS  OF  KLECTRICAL  CIRCUITS 


HI 

'H 

Pi 

m 

l! 


IP 


IP 
1l 


14  ELECTRICAL  EQUIPMENT  OF  THE  MOTOR  CAR 

clouds  by  the  wind,  and  again  falls  as  rain.  The  path  of  the  wat«r 
In  this  great  natural  circuit — which  we  will  call  Nature's  circuit — 
corresponda  in  a  great  measure  to  the  electrical  circuit  inasmuch  as 
it  ia  a  circle,  a  system  without  start  or  finish,  beginning  or  end. 

It  is  evident  that  in  Nature's  water  circuit  there  may  be  an  ac- 
cumulation or  decrease  in  the  quantity  of  water  at  any  point  in  the 
circuit.  That  is,  the  amount  of  water  evaporated  by  the  sun  in  a 
given  time  is  not  necessarily  equal  to  the  quantity  falling  as  rain 
in  the  same  time.     Nor  is  the  amount  flowing  into  the  ocean  from 


'tgs.  5  and  6—fliniple 


^ 


=J 


d  (Sf  irfre  iu  the  irdter  pipe, 
circuit f  m-e  complete 


the  rivers  in  a  given  time  necessarily  equal  to  the  amount  running 
into  the  rivers  from  their  various  tributaries  and  along  their  banks 
in  the  same  time. 

In  an  electrical  circuit  similar  to  Pig.  1,  the  quantity  of  electricity 
leaving  the  lamp  is  exactly  equal  to  the  quantity  of  electricity  en- 
tering the  lamp  and  the  same  quantity  of  electricity  returns  to 
the  battery  as  leaves  it.  There  is  no  accumulation  of  electricity  at 
any  point  along  the  electrical  circuit  similar  to  the  accumulation  of 
viater  at  different  points  along  Nature  's  water  circuit, 

The  operation  of  a  water  circuit  similar  to  the  one  shown  in  Fig.  5 
corresponds  more  nearly  to  the  operation  of  the  simple  electrical 
circuit  than  Nature's  water  circuit.  The  water  circuit  shown  in 
i-'igure  S  consists  of  a  pump  P  connected  to  a  curved  piece  of  pipe. 
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When*  the  pipe  and  pump  are  filled  with  water  the  flow  of  the  water 
in  the  pipe,  due  to  the  action  of  the  pump,  will  be  very  similar  to  the 
flow  of  the  electricity  in  the  simple  electrical  circuit  shown  in  Fig.  6, 
whch  consists  of  a  piece  of  wire  connected  to  the  terminal  of  a  stor- 
age battery.  Both  of  these  circuits  are  complete;  they  are  closed 
on  themselves  and,  like  the  circumference  of  a  circle,  have  neither 
beginning  nor  end. 

The  quantity  of  water  entering  one  end  of  the  pipe  from  the  pump 
is  exactly  equal  to  the  quantity  of  water  leaving  the  other  end  of 
the  pipe  and  entering  the  pump.  Likewise  the  quantity  of  elec- 
tricity entering  one  end  of  the  wire  from  the  battery  is  exactly 
equal  to  the  quantity  of  electricity  leaving  the  other  end  of  the 
wire  and  entering  the  battery.  The  pump  does  not  produce  the  water 
but  merely  causes  the  water  to  flow  through  the  pipe.  The  battery 
does  not  create  electricity,  but  merely  causes  the  electricity  to  flow 
through  the  wire. 

Electrical  Cvrrent 

It  is  obvious  that  the  action  of  the  ppmp  in  the  water  circuit 
and  the  action  of  the  battery  in  the  electrical  circuit  are  very 
similar.  There  is  a  mechanical  pressure  produced  by  the  pump  which 
causes  the  water  to  flow  through  tho  pipe,  and  the  battery  produces 
what  is  called  an  electrical  pressure  which  causes  the  electricity  to 
flow  through  the  wire. 

If  the  mechanical  pressure  produced  by  the  pump  be  increased  or 
decreased,  there  will  be  a  change  in  the  flow  of  the  water  in  the 
pipe,  the  flow  increasing  with  an  increase  in  pressure  and  decreasing 
with  a  decrease  in  pressure.  This  flow,  or  movement  of  the  water 
in  the  pipe,  may  be  measured  by  determining  the  number  of  gal- 
lons passing  a  certain  point  in  the  pipe  in,  say,  1  second.  You 
could  then  speak  of  the  flow  of  water  in  the  pipe  as  being  so  many 
gallons  per  second.  Any  unit  of  quantity  and  time  may  be  used  in 
expressing  the  flow  of  water  in  a  pipe,  such  as  so  many  cubic  feet 
per  minute,  so  many  gallons  per  hour,  etc. 

The  flow  or  movement  of  electricity  in  the  electrical  circuit  is 
measured  in  a  similar  manner  to  the  flow  of  water  in  a  pipe ;  that  is, 
by  determining  the  quantity  of  electricity  passing  a  certain  point  in 
the  electrical  circuit  in  a  certain  time.  Instead  of  measuring  the 
quantity  of  electricity  in  gallons  or  cubic  feet,  as  in  the  measurement 
of  water,  it  is  measured  in  a  unit  called  the  coulomb. 
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In  referring  to  a  certain  quantity  of  electricity  it  is  spoken  of  as 
60  many  coulombs  just  as  a  certain  quantity  of  water  is  spoken  of 
as  so  many  gallons,  so  many  cubic  feet,  etc. 

The  Ampere 

If  the  water  in  a  pipe,  such  as  the  one  shown  in  Fig.  5,  is  moving 
at  such  a  rate  that  there  is  1  gallon  of  water  passing  every  point 
along  the  pipe  each  second,  there  is  said  to  be  a  flow  of  1  gallon 
per  second  in  the  pipe.  Similarly,  if  the  electricity  in  a  circuit, 
such  as  the  one  in  Fig.  6,  is  moving  at  such  a  rate  that  there  is  1 
coulomb  passing  every  point  in  the  circuit  in  each  second  of  time, 
there  is  said  to  be  a  flow  of  1  coulomb  per  second.  The  flow,  or 
movement  of  the  water  in  the  pipe,  is  called  the  current  of  water, 
just  as  the  flow  of  the  water  in  a  river  is  called  the  current,  and, 
likewise,  the  flow  of  the  electricity  in  the  electrical  circuit  is  called 
the  current  of  electricity  or  more  commonly  the  electrical  current. 
From  the  above  discussion,  it  is  seen  that  the  current  of  water  is  ex- 
pressed as  so  many  gallons  per  second,  so  many  cubic  feet  per  min- 
ute, etc.,  while  the  current  of  electricity  is  expressed  as  so  many 
coulombs  per  second. 

Fortunately  we  have  a  special  name  for  this  rate  of  flow  of  elec- 
tricity of  one  coulomb  per  second,  which  is  called  the  ampere.  This 
way  of  giving  the  rate  of  flow  a  special  name  relieves  us  of  the 
necessity  of  saying  '  *  per  second ' '  each  time,  as  would  be  the  case  if 
we  were  to  speak  of  the  current  as  so  many  coulombs  per  second. 
Thus  a  current  or  rate  of  flow  of  10  coulombs  per  second  is  just  10 
amperes;  50  coulombs  per  second  is  50  amperes,  etc.  In  the  ma- 
jority of  cases  we  are  not  interested  in  the  quantity  of  electricity 
alone,  but  in  the  rate  of  flow,  the  ampere,  and  for  this  reason  the 
coulomb  is  very  little  used. 

Unfortunately  there  is  no  name  for  the  rate  of  flow  of  water,  and 
we  always  have  to  use  some  such  cumbersome  expression  as  gallons 
per  second,  cubic  feet  per  minute,  etc. 

The  number  of  gallons  per  second  of  water  flowing  through  a 
pipe  depends  in  a  large  measure  upon  the  pressure  causing  it  to  flow. 
This  pressure  in  the  water  circuit  is  measured  as  so  many  pounds 
per  square  inch  or  so  many  pounds  per  square  foot.  In  a  similar 
manner,  the  current  of  electricity,  in  amperes,  in  a  wire  depends 
in  part  upon  the  pressure  under  which  the  electricity  flows. 

The  electrical  pressure  is  measured  in  a  unit  called  the  volt    The 
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volt  means  exactly  the  same  thing  in  speaking  of  an  electrical  cir- 
cuit as  the  pound  pressure  does  in  speaking  of  the  water  circuit. 
A  higher  pressure  will  be  required  to  force  the  same  current  of  water 
through  a  small  than  through  a  large  pipe,  and  a  higher  electrical 
pressure  will  be  required  to  force  the  same  current  of  electricity 
through  a  small  wire  than  through  a  large  one.  Similarly  higher 
jjressures  will  be  required  in  both  the  water  and  electrical  circuits 
if  the  length  of  the  circuits  be  increased;  that  is,  if  the  length  of 
the  pipe  and  wire  be  increased. 

Electricity  Moving  Force 

The  pressure  produced  by  the  pump  might  be  called  the  water 
moving  force,  while  the  pressure  produced  by  the  battery  may  be 
called  the  electricity  moving  force  or  electromotive  force.  The  elec- 
tromotive force  is  usually  represented  by  the  abbreviation  e.m.f. 

If  pressure  gauges  be  connected  at  various  points  along  the  water 
pipe,  Fig.  7,  they  will  indicate  the  pressure  at  the  different  points. 
There  will  be  a  difference  in  the  pressure  as  indicated  by  the  various 
gauges,  if  there  is  a  current  in  the  pipe,  and  their  indications  will 
be  less  and  less  as  you  pass  along  the  pipe  in  the  direction  in  which 
the  water  is  flowing.  The  difference  in  the  value  of  the  pressure  as 
indicated  by  any  two  of  the  gauges  connected  to  the  pipe  will  rep- 
resent the  pressure  acting  on  the  portion  of  the  pipe  between  the  two 
points  where  the  gauges  are  attached..  This  difference  in  pressure 
between  two  points  on  a  pipe  is  called  the  drop  in  pressure  or  merely 
the  drop  between  the  two  points.  The  pressure  between  two  points 
along  a  stream  of  water  is  often  spoken  of  as  the  difference  in  level, 
the  drop  in  level  or  merely  the  drop  between  two  points. 

In  the  case  of  the  electrical  circuit,  there  is  a  difference  in  the 
electrical  pressure  between  two  different  points  along  the  circuit. 
This  difference  in  pressure  between  any  two  points  is  measured  in 
volts  just  as  the  total  pressure  produced  by  the  battery  is  measured 
in  volts.  The  pressure  at  any  point  in  an  electrical  circuit  cannot 
be  measured  by  attaching  a  suitable  instrument  to  the  circuit  at  that 
point  alone,  similar  to  the  attachment  of  the  pressure  gauge  to  the 
water  pipe,  but  the  instrument  must  be  attached  to  two  points  as 
shown  in  Fig.  8,  and  then  it  does  not  read  the  pressure  at  any  par- 
ticular point  but  the  difference  in  the  pressure  between  the  two 
points  on  the  circuit  where  it  is  connected.  This  difference  in  pres- 
sure, or  voltage,  as  it  is  usually  called,  between  any  two  points  along 
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a  circuit  ia  sometimes  spoken  of  as  the  drop  between  the  two  points. 
The  water  in  the  pipe  flows  from  a  point  of  higher  presBiire  toward 
a  point  of  lower  pressure.  The  electricity  in  the  electrical  circuit 
flows  from  the  point  of  higher  electrical  prensure  or  higher  electrical 
level  toward  the  point  of  lower  electrical  pressure  or  electrical 
level.  In  the  elcctriral  i-ircuit  the  point  of  higher  pressure  is  usually 
marked  with  the  plus  sign  {  +  )  and  the  one  of  lower  pressure  witK 


J    \Si} 


Fig»  7  oiirf  S^Tfte  preaaMrc  In  an  eirctrlcal  iHrrult,  at  the  right,  chtinifea 
along  the  aire  Juat  as  the  presiure  In  Ihr  ualer  eircuit,  at  (he  left, 
dccreatea  along  the  pipe — tloic   tlic  difftrence  in  presaurt  (a  meaaured 

the  minus  sign  { — ).  The  terminal  of  the  battery  from  which  the 
electricity  flows  when  the  battery  is  discharging,  is  called  the  posi- 
tive terminal,  while  the  terminal  toward  which  the  electricity  flows 
is  called  the  negative  terminal. 

Any  point  along  the  wire  will  be  positive  with  respect  to  points 
further  along  the  wire  in  the  direction  of  the  current,  and  negative 
with  respect  to  points  along  the  wire  opposite  the  direction  of  the 
current,  just  as  the  pressure  indicated  by  any  gauge  is  higher  than 
the  pressure  iaili^'sted  by  gauges  connected  to  the  pipe  at  points 
further  along  the  pipe  in  the  direction  of  the  water  current  and 
lower  than  the  pressure  indicated  by  gauges  connected  to  points 
on  the  pipe  opposite  the  direction  of  the  water  current. 
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To  explain :  In  Fig.  8  point  A  is  at  a  higher  electrical  pressure 
than  B,  UkeniB*  B  is  at  a  hij^her  elei^trical  prexBure  tfaan  C,  eo  that 
B  is  positive  with  relation  to  C,  but  negative  with  relation  to  A. 

The  reader  should  have  clearly  in  mind  by  this  time  the  distinc- 
tion between  amperes  and  volts.  The  amperes  represent  the  value 
of  the  current  in  the  circuit^— that  is,  the  number  of  coulombs  of 
.electricity  that  pass  through  the  circuit  during  one  second,  while 
the  volts  represent  the  pressure  causing  this  current  or  movement 
of  electricity. 

Reiutance  to  the  Flow  of  Electricity 

It  is  possible  in  both  the  water  and  electrical  circuit  to  have  a 
jiressure  acting  in  the  circuit  when  there  is  no  current.  It  is  per- 
fectly plain  that  if  the  path  of  the  water  be  blocked  or  interrupted 
by  closing  a  valve  in  the  pipe,  Fig.  9,  there  will  be  no  current  of 


Flgi  0  ond  10— ThB  effect  of  rcsMancc.  In  a  watT  cirevit,  if  the  valve 
Is  ctoKed,  there  Kill  he  no  floif  oj  •raler,  though  thire  may  be  a  high 
preamre  al  the  pump,  I«  the  elcctrtcal  rirciiif  f/  the  tcfro  i»  cut  or 
ticitch  is  opened  there  ts  no  eurrcnt,  though  the  batlerv  mag  have  a 
high  elecirieol  presmre 


water,  although  there  may  be  a  high  pressure  produced  by  the 
pump  If  tho  path  in  whuh  the  electricity  moves  is  blocked  or  in- 
terrupted bj  opening  a  switch  or  cutting  the  wire,  there  will  be 
no  current  in  the  circuit,  although  tlie  presaure  may  be  high 
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The  currents  of  water  and  electricity  are,  therefore,  dependent 
upon  something  besides  the  pressure.    This  something  which  opposes 
the  flow  of  water  in  the  water  circuit  and  the  electricity  in   tlie 
electrical  circuit  is  called  the  resistance  of  the  circuit.     The  resis- 
tance of  an  electrical  circuit  simply  opposes  the  free  flow  of  ele- 
tricity  through  the  circuit;  yet  the  resistance  does  in  no  way  tend  to 
cause  the  electricity  to  flow  in  the  direction  opposite  to  that  in 
which  it  is  flowing.     If  you  push  against  the  wall  of  a  building-, 
the  wall  opposes  the  action  of  your  force,  yet  the  wall  will  not  push 
you  backwards  when  you  stop  shoving. 

The  greater  the  resistance  of  an  electrical  circuit  the  less  the  cur- 
rent a  certain  pressure  will  produce  and  the  smaller  the  resistance 
of  the  circuit  the  greater  the  current  a  certain  pressure  will  produce. 

There  is  no  unit  in  which  the  resistance  offered  by  a  pipe  may  bo 
measured.  The  resistance  of  an  electrical  circuit  is  measured  in  a 
unit  called  the  ohm.  A  circuit  is  said  to  have  a  resistance  of  1  ohm 
where  an  electrical  pressure  of  1  volt  will  produce  a  current  in  the 
circuit  of  1  ampere. 

Electrical  and  Water  Circuits 

The  following  table  gives  in  condensed  form  the  names  of  the 
units  m  which  the  common  qualities  associated  with  the  electrical 
and  water  circuits  are  measured: 

Water  Electricity 

Quantity        Gallon,  cubic  foot,  etc.  Coulomb 

Current  One  gallon  per  minute,  one  cu-  Ampere 

bic  foot  per  minute,  etc.  One  coulomb  per  second 

Pressure         Pounds  per  square  inch  or  Volt 

pounds  per  square  foot 

Resistance     No  unit  Ohm 

Pressure  the  Essential  Factor 

When  a  current  of  water  is  to  be  produced  in  a  pipe,  the  one 
thing  above  all  others  which  must  be  present  in  the  circuit  is  the 
pressure.  The  pressure  in  the  circuit  shown  in  Fig.  9  is  produced 
by  means  of  the  pump.    The  circuit  may  be  blocked  by  means  of  a 
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valve  and  there  will  be  no  current. regardless  of  the  value  of  the 
pressure.  If  the  valve  be  opened  or  the  circuit  completed,  there  will 
be  no  flow  of  water  in  the  circuit  unless  there  is  a  pressure  acting 
in  the  circuit. 

The  same  general  conditions  exist  in  the  case  of  the  electrical 
circuit.  If  the  wire  forming  the  circuit  be  broken,  or  if  the  cir- 
cuit is  opened  at  a  switch,  as  shown  in  Fig.  10,  there  will  be  no  cur 
rent  in  the  circuit  regardless  of  the  value  of  the  pressure.  If  the 
circuit  be  completed,  there  will  be  no  current  unless  there  is  an 
electrical  pressure  acting  in  the  circuit.  It  is  thus  seen  that  it  is 
imperative  that  there  must  be  a  pressure  acting  in  every  closed 
circuit  in  order  that  there  be  a  current  in  the  circuit. 

The  electrical  pressure  for  practical  purposes  on  the  motor  car 
may  be  produced  by  chemical  action  as  in  the  primary  and  storage 
battery,  or  by  electromagnetic  induction  as  in  the  generator.  Both 
of  these  methods  will  be  discussed  in  detail  in  two  of  the  following 
sections. 

Relation  of  Current,  Pressure  and  Resistance 

The  current  in  an  electrical  circuit  increases  with  an  increase 
in  pressure,  provided  the  resistance  of  the  circuit  does  not  increase 
in  value  faster  than  the  pressure.  If  the  resistance  of  the  circuit 
remains  constant,  the  current  in  the  circuit  will  increase  and  decrease 
directly  as  the  pressure;  that  is,  if  the  pressure  acting  in  the  circuit 
be  doubled,  the  current  in  the  circuit  will  be  increased  to  twice  the 
original  value,  and  if  the  pressure  be  decreased  in  value,  say,  to  one- 
half  its  original  value,  the  current  will  decrease  in  value  to  one- 
half  its  original  value. 

The  current  in  an  electrical  circuit  decreases  with  an  increase 
in  resistance,  provided  the  pressure  in  the  circuit  does  not  increase 
in  value  faster  than  the  resistance.  If  the  pressure  in  the  circuit 
remains  constant,  the  current  in  the  circuit  will  vary  ih  value  in- 
versely as  the  resistance  of  the  circuit;  that  is,  if  the  resistance  of 
the  circuit  be  doubled,  the  current  in  the  circuit  will  decrease  to 
one-half  of  its  original  value,  and  if  the  resistance  be  decreased 
in  value,  say,  to  one-fourth  of  its  original  value,  the  current  will 
increase  in  value  to  four  times  its  original  value. 

The  above  relations  between  current,  pressure  and  resistance 
are  stated  as  follows: 

Cv/rrent  varies  as  pressure  divided  by  resistance.    When  the  cur- 
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rent  in  the  circuit  is  measured  in  amperes,  the  pressure  in  volts 
and  the  resistance  in  ohms,  this  relation  between  current,  pressure 
and  resistance  may  be  stated  as  follows: 

current   =  pressure  h-  resistance,  or 

pressure 
current  = 


resistance 
amperes  =  volts  -^-  ohms,  or 

volts 

amperes  ^^ 

ohms 

A  storage  battery  is  connected  to  a  lamp  as  indicated  in  Pig.  1. 
The  pressure  produced  by  the  battery  is  6  volts  and  the  resistance 
of  the  lamp  is  12  ohms,  what  current  will  the  battery  produce  in 
the  lamp?  By  referring  to  the  above  relation  between  current, 
pressure  and  resistance,  we  see  that  the  current  is  equal  to  the  pres- 
sure in  volts  divided  by  the  resistance  in  ohms,  and  if  we  replace 
'* pressure''  by  the  value  of  the  pressure  in  volts  and  "resist- 
ance ' '  by  the  value  of  the  resistance  in  ohms,  we  may  determine 
the  value  of  the  current  in  amperes  as  follows: 

pressure  6 

current  = ,  or  current  =  —  =  V2  ampere 

resistance  12 

If  the  current  in  a  circuit  and  the  pressure  producing  the  cur- 
rent are  both  known,  then  the  resistance  of  the  circuit  may  be  de- 
termined as  follows:  Since  the  current  is  equal  to  the  pressure 
divided  by  the  resistance,  we  may  write  the  resistance  equal  to  pres- 
sure divided  by  the  current  as  follows : 

resistance  ^=  pressure  -f-  current,  or 

pressure 

resistance  = 

current 

ohms  =  volts  -r-  amperes,  or 

amperes 


ohms  = 


volts 

For  example,  if  the  pressure  acting  in  a  light  circuit  of  a  motor 
car  is  12  volts  and  there  is  a  current  of  4  amperes,  then  the  resis- 
tance of  the  circuit  is  equal  to  12  divided  by  4,  or 

12 
resistance  =  —  =  3  ohms 
4 
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In  some  cases  the  resistance  of  the  circuit  and  the  current  it  is 
desired  to  produce  are  known  and  the  problem  is  to  find  the  pres- 
sure necessary  to  producie  this  desired  current.  The  pressure  in  a 
circuit  in  volts  is  equal  to  the  resistance  of  the  circuit  in  ohms  mul- 
tiplied by  the  current  in  amperes,  or 

pressure  =*  resistance  X  current 
volts  =  ohms  X  amperes 

For  example,  if  the  resistance  of  a  lamp  is  3  ohms,  what  pressure 

will  be  required  to  produce  a  current  of  2   amperes  through  the 

lamp?     We  may  determine  the  value  of  the  pressure  required  in 

volts  by  replacing  the  resistance  in  the  last  equation  by  the  value 

of  the  resistance,  the  current  by  the  value  of  the  current  and  then 

multiplying  these  two  quantities,  thus 

Pressure  =  3X2  =  6  volts 

Conductors  and  Insulators 

Some  materials  tvill  offer  less  resistance  or  opposition  to  the  flow 
of  electricity  through  them  than  other  materials,  and  for  this  rea- 
son they  are  called  conductors,  while  those  materials  which  offer 
a  high  opposition  to  the  flow  of  electricity  through  them  are  called 
insulators.  For  example,  copper,  iron,  brass,  carbon,  lead,  etc.,  offer 
a  comparatively  low  resistance  to  the  flow  of  electricity  through 
them,  and  hence  they  are  called  conductors. 

Eubber,  glass,  fiber,  mica,  porcelain,  etc.,  all  offer  a  high  oppo- 
sition to  the  flow  of  electricity  through  them,  and  hence  they  are 
called  .insulators.  You  must  get  this  fact  clearly  in  mind  that  all 
materials  will  conduct  electricity,  but  the  conducting  power  of  some 
is  much  better  than  others,  and  they  are  called  conductors  merely 
to  distinguish  them  from  the  materials  which  are  poor  conductors 
of  electricity  and  called  insulators.  The  words  conductor  and  insu- 
lator are  only  relative  terms  and  the  readers  must  not  get  the 
impression  that  some  materials  will  conduct  electricity  and  some  will 
not.  In  practice,  the  conducting  power  of  the  ordinary  insulating 
materials,  such  as  rubber,  porcelain,  mica,  etc.,  is  so  poor  in  com- 
parison to  the  conducting  power  of  the  conductors,  such  as  copper, 
brass,  iron,  carbon,  etc.,  that  they  are  said  to  conduct  no  electricity. 

Factors  Determining  the  Resistance  of  a  Conductor 

The  resistance  offered  by  a  pipe  to  the  flow  of  water  through  it 
depends  upon  the  size  and  length  of  the  pipe.  The  greater  the 
length  of  the  pipe,  the  greater  the  resistance  it  will  offer  to  the 
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flow  of  water  through  it,  and  the  shorter  the  pipe  the  less    the 
resistance  it  will  offer  to  the  flow  of  water  through  it. 

The  resistance  offered  by  a  wire  to  the  flow  of  electricity  throug^h 
it  depends  upon  the  length  of  the  wire  just  as  the  resistance  of  the 
pipe  depends  upon  the  length  of  the  pipe.    The  longer  the  wire,  the 
greater  the  resistance,  and  the  shorter  the  wire,  the  less  the  resis- 
tance, the  size  of  the  wire,  of  course,  remaining  constant.     If   the 
length  of  the  wire  be  increased  to  twice  its  original  value,  its  resis- 
tance will  be  doubled,  while  if  its  length  be  reduced,  say  to   one- 
third  its  original  length,  the  resistance  will  be  reduced  to  one-third 
its  original  value.    In  other  words,  there  is  a  direct  relation  between 
the  resistance  of  a  wire  and  its  length. 

If  the  area  of  a  pipe  be  increased ;  that  is,  if  the  pipe  be  replaced 
by  a  smaller  one  of  the  same  length,  there  will  be  an  increase  in 
the  resistance  to  the  flow  of  water,  while  if  the  area  of  the  pipe 
be  increased  there  will  be  a  decrease  in  the  resistance.  There  is  a 
similar  relation  between  the  resistance  of  a  wire  and  its  area  or 
size.  If  a  wire  of  a  certain  length  be  replaced  by  a  smaller  wire 
of  the  same  length  and  of  the  same  kind  of  material  as  the  first, 
there  will  be  an  increase  in  the  resistance,  while  if  the  size  of  the 
wire  be  increased,  there  will  be  a  decrease  in  the  resistance. 

A  pump  which  is  producing  a  certain  pressure  will  cause  more 
water  to  flow  through  a  short  pipe  than  through  a  large  one  of 
the  same  size,  it  also  will  cause  more  water  to  flow  through  a  large 
pipe  than  through  a  small  pipe  of  the  same  length.  Likewise,  a 
battery  which  produces  a  certain  electrical  pressure  will  cause  a 
greater  flow  of  electricity  in  a  short  wire  than  in  a  long  wire  of  the 
same  size  and  of  the  same  material ;  it  also  will  cause  a  greater  flow 
of  electricity  in  a  large  wire  than  in  a  small  wire  of  the  same  length 
and  of  the  same  material. 

The  relation  between  the  resistance  of  two  wires  of  the  same 
size  and  composed  of  the  same  material  will  be  exactly  the  same 
as  the  relation  between  their  lengths.  That  is,  if  one  of  the  wires 
is  ten  times  as  long  as  the  other  one,  then  its  resistance  will  be  ten 
times  as  great  as  the  other  wire.  If  two  wires  are  of  the  same 
length  and  composed  of  the  same  material  but  of  different  size, 
the  relation  between  their  resistances  will  be  just  the  opposite  to 
the  relation  between  their  areas.  That  is,  if  one  wire  has  an  area 
three  times  as  large  as  the  other  one,  its  resistance  will  be  one- 
third  as  great  as  that  of  the  other  wire. 
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The  resistance  of  a  wire  depends  upon  the  kind  of  material  of 
which  the  wire  is  composed.  Thus  copper  is  a  better  conductor  of 
electricitj  than  aluminum;  aluminum  is  better  than  brass;  brass 
is  better  than  iron;  iron  is  better  than  lead,  etc.  A  copper  wire 
of  a  certain  size  and  length  will  have  less  resistance  than  a  brass 
wire  of  the  same  size  and  length;  the  brass  wire  will  have  less 
resistance  than  an  iron  wire  of  the  same  size  and  length,  etc. 

Since  the  resistance  of  a  wire  increases  with  an  increase  in  length 
and  decreases  with  an  increase  in  area,  we  have  the  following: 
relation : 

The  resistance  of  a  wire  varies  as  the  length  divided  "by  the  area. 
This  relation,  stated  in  a  little  different  form,  means  that  the  re- 
sistance increases  at  the  same  rate  that  the  length  increases,  if  the 
area  remains  constant^  and  the  resistance  decreases  at  the  same 
rate  that  the  area  increases.  If  the  length  and  area  of  a  wire  both 
increase  at  the  same  rate,  the  resistance  of  the  wire  will  remain 
unchanged. 

The  resistance  of  a  wire  is  not  constant,  even  though  its  length 
and  area  remain  constant,  but  changes,  due  to  a  change  in  tem- 
perature. The  change  in  resistance  of  some  materials  due  to  a 
change  in  their  temperature  is  very  small,  and  in  some  cases  may 
be  neglected.  Some  materials  experience  an  increase  in  resistance 
with  an  increase  in  temperature,  while  there  is  a  decrease  in  resis- 
tance with  an  increase  in  temperature  in  some.  Carbon,  for  ex- 
ample, decreases  in  resistance  with  an  increase  in  temperature, 
while  the  resistance  of  brass,  iron,  copper,  etc.,  increases  with  an 
increase  in  temperature.  The  increase  in  resistance  of  a  copper  wire 
is  approximately  2%qq  of  1  per  cent  for  each  degree  increase  in 
temperature  on  the  Fahrenheit  thermometer.  Thus,  if  a  coil  of  cop- 
per wire  has  a  resistance  of  100  ohms  at  60  degrees,  its  resistance 
at  100  degrees  may  be  determined  approximately  as  follows : 

Multiply  the  change  in  temperature  by  .0022  and  the  result  by 
the  original  resistance,  if  the  temperature  is  increasing,  and  the 
result  will  be  the  increase  in  resistance,  thus: 

100  —  60  ==:  40  degrees  change  in  temperature 
40  X  .0022  XlOO  =  8.8  ohms  increase 
100  +  8.8  =  108.8  resistance  at  100  degrees 

In  brief,  the  resistance  of  a  conductor  depends  upon  three  things, 
and  they  are: 
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(a)  DimensionH  of  the  conductor  (its  length  and  area). 

(b)  The  kind  of  material  in  the  conductor  (whether  it  is  copper, 

brass,  iron,  etc.). 

(c)  The  temperature  of  the  conductor. 


CHAPTER  n 

The  Series  Circuit 

f  F  a  water  circuit  be  cQmpoBed  of  two  pipes  and  the^  are  connecteil 
^  in  the  manner  indicated  at  A  and  B  in  Fig.  11,  the?  are  said  to 
be  connected  in  series.  There  is  oat}'  one  path  through  which  the 
water  may  flow  in  pasring  from  the  outlet  of  the  pump  and  return 
to  the  pump.  The  current  of  water  at  any  instant  ia  the  same  at 
every  point  along  the  two  pipes,  and  just  exactly  as  much  water  is 
returning  to  the  pump  in  a  given  time  as  is  leaving  the  pump.  The 
water  is  not  used  up  in  the  operation  of  such  a  circuit.    The  cireuit 


Flffg.  11  and  12 — ,1  teriea  electrical  cfreuK  and  a  teHet  water 

circuit  compared 

is  complete  and,  as  in  the  case  of  the  circle,  has  neither  be^ning 

Note  that  the  water  is  not  used  up  in  this  operation,  but  some  of 
its  ability  to  do  work  is  used. 

An  electrical  circuit  composed  of  two  or  more  different  wires  of 
perhaps  different  sizes,  lengths  and  materials,  and  connected  as 
shown  in  Fig.  12  is  called  a  aeries  cireuit.  In  this  case,  there  is  only 
one  path  through  which  the  electricity  may  flow  in  passing  from  the 
positive  terminal  of  the  battery  and  return  to  the  negative  terminal 
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of  the  battery.  The  current  of  electricity  is  the  same  at  every  point 
along  the  different  wiree,  and  just  exactly  as  much  electricity  is 
returning  to  the  battery  in  a  given  time  as  la  leaving  the  battery  in 

The  electricity  ia  not  used  up  in  the  operatio 
but  its  ability  to  do  work  is  used,  just  as  in  th« 
This  nil!  be  explained  more  in  detail  latei. 

A  series  water  circuit  is  found  in  the  operation  of  the  cooling  sys- 
tem of  some  early  motor  car  engines,  as  shown  in  Fig.  13.  In  this 
case,  the  four  waterjacketa  of  the  different  cylindem,  the  radiator, 
the  pump  and  the  connecting  pipes  are  all  in  series.  The  current  of 
water  through  the  different  parts  of  the  circuit  at  any  time  is  exactly 
the  same;  just  as  much  water  returns  to  the  pump  as  the  pump  sends 


Fig.  13 — A  aeriea  water  cireult  as  employed  on  jome  early  can. 

The  pump,  pipes,  icaler  joeketa  and  radiator  are  in  »er!e8,  /or  the 

teaier  has  only  one  path  in  iphich  to  ffow 

into  the  circuit.     This  method  of  cooling  is  not  a  good  one,  but  is 
used  here  for  the  purpose  of  bearing  out  the  series  circuit  idea. 

When  the  headlights  on  motor  cars  are  connected  as  shown  in  Fig. 
14,  they  form  a  typical  series  electrical  circuit.  The  current  of 
electricity  through  the  different  parts  of  the  circuit  at  any  time  is 
exactly  the  same ;  just  as  much  electricity  returns  to  the  battery  as 
the  battery  sends  into  the  circuit.  The  electricity  is  not  consumed 
in  the  lamps,  hut  some  of  its  ability  to  light  lamps  is  used. 
Resistance  of  Series  Circwt 

Since  the  resistance  offered  by  a  pipe  to  the  free  flow  of  water 
through  it  increases  with  an  increase  in  the  length  of  the  pipe,  it  is 
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evident  that  the  resiHtance  of  two  pipes  connected  in  aeries  wiU  be 
greater  than  the  resiBtance  of  either  pipe  alone.  If  the  two  pipes 
are  of  exactly  the  same  size  aod  length,  thej  will,  when  connected  in 
Beriea,  offer  twice  the  reaistaace  to  the  flow  of  water  through  them 
that  is  offered  b;  a  single  pipe.  If  the  pipes  are  of  the  same  size 
bnt  of  different  lengths,  thej  will  offer  a  combined  resistance  equal 
to  that  of  a  single  pipe  of  the  same  size  but  having  a  length  equal 
to  that  of  the  combined  lengths  of  the  two  pipes. 

Two  wires  of  the  same  size  and  material  will,  when  connected  in 
series,  offer  a  combined  resistance  equal  to  that  of  a  single  wire  of 
the  same  size,  but  haviug  a  length  equal  to  the  combined  lengths  of 
the  two  wires. 

Any  number  of  electrical  resistances,  such   as  motor  car  lamps, 


Fig.  14— i  series  electric  Ughting  drcuU.     The  battery,  sicifch 

Kites  (Bid  lamps  are  in  aeries,  lor  the  current  has  only  one  path 

in  tehieh  to  ffoic 

connected  in  series  might  be  thought  of  as  being  equivalent  to  a  num- 
ber of  wires  of  the  same  size  and  material  but  having  different 
lengths,  and  the  eombineil  resistance  of  any  number  of  resistances 
in  series  is  equal  to  the  sum  of  (he  different  resistances.  For  ex- 
ample, if  the  two  lamps  in  Fi)^.  14  each  have  a  resistance  of  2  ohms, 
the  combination  will  have  a  total  resistance  of  4  ohms.  In  order  to 
get  the  total  resistance  of  the  circuit,  the  resistance  of  the  leads, 
switch,  etc.,  should  be  added  to  the  resistance  of  the  lamps. 
Preuure  Rdations  for  a  Soiei  Circuit 
If  pressure  gauges  be  connected  along  a  water  pipe,  as  indicated 
in  Fig.  15,  in  which  there  is  a  current  of  water,  the  difference  in  the 
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readings  of  the  different  gauges  will  bear  the  same  relation  to  each 
other  as  exists  between  the  distances  between  the  points  to  which 
the  gauges  are  connected.  For  example,  the  difference  in  the  reading 
of  gauges  Gl  and  62  will  bear  the  same  relation  to  the  difference  in 
the  readings  of  gauges  62  and  63,  as  the  distance  between  01  and 


L2 


KPI 


Fig.  15 — The  difference  in  pressure  along  a  water  circuit  is  pro- 
portional to  the  length  of  the  pipe 

62  bears  to  the  distance  between  62  and  63.  If  the  distance  be- 
tween 62  and  63,  which  we  wiU  represent  by  L2  is  twice  the  distance 
between  61  and  62,  which  we  will  represent  by  LI,  then  the  differ- 
ence in  readings  of  62  and  63  will  be  twice  the  difference  in  the 
readings  of  61  and  62. 

The  reason  for  this  relation  may  be  explained  as  follows:  Since 
the  resistance  between  the  points  where  62  and  63  are  connected  will 
be  as  many  times  the  resistance  between  the  points  where  61  and  G2 
are  connected  as  the  length  L2  is  times  the  length  LI,  the  pressure 
between  the  points  where  62  and  63  are  connected  must  be  as  many 
times  the  pressure  between  the  points  61  and  62  are  connected  as 
L2  is  times  LI,  in  order  to  produce  the  current  in  the  pipe.  The 
differences  in  pressure  between  different  points  along  a  series  water 
circuit  will  bear  the  same  relation  to  each  other  as  exists  between  the 
resistances  between  the  points  where  the  pressures  were  measured. 

In  the  electrical  circuit,  the  voltmeter  measures  the  difference  in 
pressure  between  the  points  along  the  circuit  to  which  the  terminals 
of  the  voltmeter  are  connected.  Thus  in  Fig.  16  there  are  two  volt- 
meters connected  so  as  to  measure  the  difference  in  pressure  between 
two  different  sets  of  points.  If  the  wire  composing  the  circuit  is  of 
the  same  material  and  same  size  all  the  way  along  the  circuit,  then 
the  reading  of  the  two  voltmeters  VI  and  V2  will  bear  the  same 
relation  to  each  other  as  exists  betwen  the  lengths  LI  and  L2.  If  the 
length  L2  is  twice  the  length  LI,  then  the  resistance  R2  is  twice  the 
resistance  Rl,  and  since  the  value  of  the  current  in  R2  is  exactly  th© 
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same  as  the  value  of  the  current  in  Rl — neglecting  the  current 
through  the  voltmeters — ^there  will  be  twice  as  much  pressure  re- 
quired to  produce  this  current  in  R2  as  is  required  to  produce  it  in 
Rl,  which  will  result  in  the  reading  of  V2  being  twice  the  reading 
of  VI.  >^hen  the  resistance  R2  is  three  times  the  resistance  Rl,  then 
the  reading  of  V2  will  be  three  times  the  reading  of  VI  etc. 

The  electrical  pressure  acting  on  a  part  of  the  resistance  of  a  series 
circuit,  bears  the  same  relation  to  the  pressure  acting  on  some  other 
part  of  the  same  circuit  as  exists  between  the  resistance  of  the  two 
parts.  That  is,  if  two  resistances  are  connected  in  series  and  they 
have  exactly  the  same  resistance,  then  the  pressure  acting  on  each 
of  them  will  be  exactly  the  same  when  there  is  a  current  of  the 
same  value  through  them.  If,  however,  two  resistances  are  con- 
nected in  series  and  the  resistance  of  one  is  twice  that  of  the  other, 
then  the  pressure  acting  on  the  one  of  lower  resistance  will  be  one- 
half  of  the  pressure  acting  on  the  one  of  higher  resistance. 

If  two  lamps  having  different  resistances  be  connected  in  series, 
the  pressure  acting  on  one  lamp  will  not  be  the  same  as  the  pressure 
acting  on  the  other  lamp.  The  lamp  of  higher  resistance  will  have 
a  higher  pressure  acting  on  it  than  the  one  of  lower  resistance.  This 
relation  accounts  for  the  fact  that  two  lamps  of  different  candle- 
power  and  the  same  voltage  will  not  operate  satisfactorily  in  series, 
because  the  one  of  lower  candlepower,  or  higher  resistance,  will  have 
a  larger  part  of  the  total  pressure  acting  on  it  than  the  one  of  high 
candlepower,  or  lower  resistance.    Thus  you  cannot  put  a  6-volt,  24- 


Fig,  16 — The  difference  in  pressure  along  an  electrical  circuit  is 
proportional  to  the  length  of  the  wire 

* 

candlepower,  headlight  in  series  with  a  6-volt,  2-candlepower  dash- 
light,  and  operate  them  from  a  12-volt  battery,  but  you  can  put  two 
6-volt,  24-candlepower  headlights  or  in  series  with  a  12-volt  battery, 
or  one  6-volt  2-candlepower  dashlight  and  one  6-volt  2  candlepower 
taillight  in  series  with  a  12-vplt  battery. 
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A  6-volt  lamp  maj  be  op«rHted  on  a  12-Ta1t  battprj  liy  connecting 

a  resistance  in  HerJea  with  the  fl-volt  lamp  as  shown  in  Fig.  17,  Tbe 
reaistance  in  series  with  the  lamp  must  he  equal  to  the  reaistance  of 
the  lamp,  in  order  that  the  pressure  over  the  lamp  be  6  volts  or  oae- 
h&lf  of  the  total  pressure.  The  pressure  over  the  lamp  maj  be  de- 
creased b;  connecting  more  resistance  in  series,  or  increaeed  by  de- 


creasing the  amount  of  resistance  in  series.  This  principle  is  used 
by  some  companies  in  dimming  the  headlights,  as  the  decrease  in 
pressure  on  the  lamp  decreases  its  candlepower. 

Current  Relations  in  a  Seriea  Circuit 

The  reader  must  always  have  in  mind  that  the  current  in  etery 
part  of  a  series  circuit  is  exactly  the  same  and  Uiat  there  is  no  ac- 
cumulation of  electricity  at  any  point  along  the  circuit.  An  ammeter 
connected  at  any  point  in  a  series  circuit  win  indicate  the  same  cur- 
rent as  long  as  there  is  no  change  in  the  value  of  the  resistance  of 
the  circuit  or  the  total  preaaure  acting  in  the  circuit. 

If  a  series  circuit  be  opened  at  any  point  by  means  of  a  switch,  if 
a  lamp  burns  out  or  a  wire  breaks,  there  will  be  no  current  in  the 
circuit  and  an  ammeter  connected  in  the  circuit  will  indicate  zero  cur- 
rent regardless  of  where  the  ammeter  may  be  connected. 

The  current  in  a  circuit,  in  amperes,  is  usually  represented  by  the 
capital  letter  I,  the  pressure  in  volte  by  the  capital  letter  E,  and 
the  resistance  in  ohms  by  the  capital  letter  B. 
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» 

nnefti;  Examples  Illustratmg  Current  Rdbitions 

11.  f:  A  certain  6-volt  headlight  takes  a  current  of  4  amperes  when  it  is 

\mf'         connected  to  a  pressure  of  6  volts.    What  resistance  must  be  placed 

orBt         in  series  with  the  lamp  in  order  to  operate  it  from  a  12-volt  battery f 

be^         Since  the  pressure  necessary  to  operate  the  lamp  is  one-half  of  the 

by  if         total  pressure  in  this  case,  then  the  resistance  required  in  series  with 

the  lamp  will  be  equal  to  the  resistance  of  the  lamp.   The  resistance 

of  the  lamp,  which  we  wiir  represent  by  RL,  will  be  equal  to  the 

y|  pressure  required  to  operate  it  divided  by  the  current  the  lamp 

'         takes,  or 

I  6 

RL  =  -  =  1^  ohms 
4 
Therefore  the  resistance  that  must  be  placed  in  the  circuit  is  I^ 
ohms. 

If  this  same  6-volt  lamp  is  to  be  operated  on  a  24-volt  battery,  the 
procedure  in  determining  the  value  of  the  resistance  to  be  placed  in 
circuit  is  a  little  different.  The  resistance  and  the  lamp  will  carry 
the  same  current,  since  they  are  in  series.  The  pressure  over  the 
resistance  which  we  will  represent  by  ER  will  be  equal  to  the  total 
pressure,  E,  of  the  battery,  minus  the  pressure  over  the  lamp  EL  or 

ER  =  E  —  EL 
ER  =  24  — 6 
ER  =  18  volts 
The  value  of  the  resistance  then  is  equal  to  the  pressure  acting  on 
the  resistance  divided  by  the  current  through  the  resistance,  or 

R  =  18  divided  by  4  =  4^  ohms 
The  resistance  of  the  lamp,  if  it  takes  a  current  of  two  amperes, 
is  equal  to 

6  divided  by  4  =  1%  ohms 
It  is  interesting  to  note  that  in  each  of  the  above  cases,  thoN  rela- 
tion between  the  resistance  of  the  lamp  and  the  resistance  to  be  con- 
nected in  series  with  it  is  the  same  as  the  relation  between  the  pres- 
sure acting  on  the  lamp  and  the  pressure  acting  on  the  resistance  in 
series  with  the  lamp. 

Since  the  lamp  requires  a  pressure  of  6  volts,  the  pressure  acting 
on  the  resistance  to  be  placed  in  series  will  be  the  difference  between 
the  total  pressure,  or  24  volts,  and  the  pressure  acting  on  the  lamp, 
or  6  volts,  which  gives  18  volts.  The  resistance  that  must  be  placed 
in  series  with  the  lamp  will  oe  equal  to  as  many  times  the  lamp  re- 
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Bistance  as  the  preaaure  irhich  b  to  act  on  tbe  Boriei  resistance  is 
limea  the  pressure  acting  on  the  lamp.  The  pressure  acting  on  the 
series  resistance  in  this  case  is  three  times  that  acting  on  the  lamp, 
henee,  the  value  of  the  series  resistance  must  be  three  times  the  value 
of  the  resistance  of  the  lamp.  The  resistance  of  the  lamp  is  equal 
to  the  pressure  on  it  ilivided  by  the  current  through  it,  or  6  divided 
by  4,  or  m.  ohms.  Hence,  the  value  of  tbe  series  resistance  will 
be  equal  to  3  times  IH  or  4^  ohms. 

Preuurei  in  Series 

If  two  pumps  be  connected  as  shonn  in  Fig.  IS,  the  pressure  pro- 
duced by  one  pump  will  act  with  the  pressure  produced  by  the  other 
pump  and  the  combined  pressures  of  the  two  pumps  will  act  upon  the 
water  circuit  to  which  the  combination  is  connected.  Several  pumps 
may  be  connected  in  this  manner  and  the  sum  of  the  pressures  pro- 


duced by  the  combination,  when  they  are  producing  a  pressure  in  tbe 
same  direction  around  the  circuit,  will  be  equal  to  the  total  pressure 
acting  in  the  circuit.  Thus,  if  each  of  tbe  pumps  indicated  in  Fig. 
18  is  producing  a  pressure  of  50  pounds,  the  total  pressure  acting  in 
the  circuit  to  which  the  pumps  are  connected  will  be  equal  to  the 
sum  of  two  pressures  or  100  pounds. 

If  the  pressures  produced  by  the  pumps  are  unequal,  the  total 
pressure  is  equal  to  the  sum  of  the  pressures,  just  the  same.  For 
example,  if  the  pumps  are  producing  pressures  of  75  and  25  pounds 
per  square  inch,  respectively,  the  total  pressure  acting  on  the  circuit 
to  which  they  are  connected  will  be  equal  to  75  plus  25  or  100  pounds 
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per  square  inch.  If  two  men  shove  against  a  car  in  the  same  direc- 
tion with  a  force  of  100  and  125  pounds,  the  total  force  acting  on  the 
car  ia  equal  to  the  sum  of  the  two  forces  or  225  pounds. 

Several  electrical  ptesaures  may  be  connected  in  a  BJmiiar  man- 
ner to  the  pumps,  as  indicated  in  Fig.  19,  which  represents  two  dry 
cells  in  series.  If  the  pressure  produced  by  each  of  the  dry  cells 
acts  in  the  same  direction,  then  the  total  pressure  will  be  equal  to 
the  sum  of  the  pressures  of  the  two  cells,  regardless  of  whether  the 
pressures  produced  by  the  cells  are  equal  or  uneqnal  in  value.  Thus, 
if  the  pressures  produced  by  the  two  dry  cells  are  1.2  and  1.4  volts, 
respectively,  the  total  pressure  will  be  equal  to  1.2  plus  1.4  or  2.6 
volts. 

If  a  number  of  equal  pressures  be  connected  in  series  so  they  all 
act  in  the  same  direction  around  the  circuit,  then  the  total  pres- 
sure will  be  equal  to  the  product  of  the  number  of  pressures  con- 


sting    the    prettiire    In    an 

Hit  bv  connecting  dry  cells 

nected  together  and  the  valua  of  one  of  the  pressures.  For  example, 
if  six  dry  cells,  each  producing  a  pressure  of  1.5  volts,  be  connected 
series,  then  the  total  pressure  will  be  equal  to  six  times  1.5  or  9  volts. 
If  ten  men  are  all  pushing  on  a  car  in  the  same  direction  and  each 
is  pushing  with  the  same  force,  say  100  pounds,  then  the  total  force 
acting  on  the  car  will  be  equal  to  ten  times  the  force  of  a  single 
mau,  or  1,000  pounds. 

In  order  that  the  pressures  produeecl  by  the  pumps  act  in  the  same 
direction  around  a  water  circuit,  it  is  necessary  to  connect  the  sides 
of  the  pumps  of  lower  pressure  to  the  sides  of  higher  pressure  in 
regular  order.  If  pressure  gauges  be  connected  to  the  circuit  as  in- 
dicated in  Fig.  18,  it  is  possible  to  determine  the  pressure  produced 
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by  either  of  the  pumps  or  any  combination  by  obfierving  the  indie 
tions  of  the  proper  gauges. 

For  example,  the  pressure  produced  by  the  pump  PI  is  eqoai  i 
the  difference  in  the  pressure  before  and  beyond  the  pump,    wliic 
may  be  determined  by  reading  the  gauges  61  and  G2  and  tben  sub 
tracting  the  lower  reading  from  the  higher  reading.     The  pressun 
produced  by  the  pump  P2  may,  in  a  similar  manner,  be  determinec 
by  taking  the  difference  in  the  readings  of  the  gauges  G2  and   G3. 
The  pressure  produced  by  each  pump  tends  to  cause  the  water   to 
flow  through  the  pump  itself  from  the  terminal  of  lower  pressure 
toward  the  terminal  of  higher  pressure,  and  through  the  water  circuit 
to  which  the  pump  is  connected  from  the  terminal  of  higher  pressure 
toward  the  one  of  lower  pressure.    All  of  the  pumps  will  be  acting' 
in  the  same  direction  when  the  pressure  gauges  on,  say  the  rig^ht- 
hand  side  of  the  different  pumps,  all  read  higher  than  the  pressure 
gauges  on  the  left-hand  side,  or  all  of  the  gauges  on  the  left-hand 
side  read  higher  than  all  of  the  gauges  on  the  right-hand  side. 

If  some  of  the  pumps  are  connected  in  the  circuit  so  that   the 
pressure  they  produce  is  opposed  to  the  pressure  produced  by  the 
other  pumps,  then  the  pressure  acting  in  the  circuit  will  be  equal 
to  the  difference  between  the  sum  of  the  pressures  acting  in  one 
direction  and  the  sum  of  the  pressures  acting  in  the  other  direction. 
If  the  sum  of  the  pressures  acting  in  one  direction  is  exactly  equal 
to  the  sum  of  the  pressures  acting  in  the  opposite  direction,  then 
the  pressure  acting  in  the  circuit  tending  to  produce  a  flow  of  water 
will  be  equal  to  zero. 

The  direction  of  the  pressure  acting  in  the  circuit  when  there  are 
pressures  in  both  directions,  will  correspond  to  the  larger  sum.    For 
example,  if  six  pumps  are  connected  in  such  a  manner  that  the  pres- 
sure produced  by  two  of  them  is  in  the  opposite  direction  to  the 
pressure  produced  by  the  remaining  four,  it  is  obvious  that  the  pres- 
sure acting  in  the  circuit  to  which  the  pumps  may  be  connected  is 
not  equal  to  the  sum  of  the  pressures  produced  by  all  six  pumps, 
but  it  is  equal  to  the  difference  in  the  sum  of  the  pressures  produced 
by  the  four  pumps  and  the  sum  of  the  pressures  produced  by  the 
two  pumps. 

If  each  of  the  six  pumps  is  producing  a  pressure  of  10  pounds,  the 
pressure  acting  in  the  circuit  may  be  determined  as  follows:  The 
pressure  produced  by  the  four  pumps  will  be  equal  to  the  pressure 
produced  by  a  single  pump  multiplied  by  four,  or  10  X  4,  or  40 
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pounds.     The  pressure  produced  by  the  two  pumps  likewise  is  equal 
to  10  X  2,  or  20  pounds. 

The  pressure  acting  in  the  circuit  is  equal  to  the  pressure  in  one 
direction  subtracted  from  the  pressure  in  the  opposite  direction,  or 
40  —  20  =  20  pounds.  The  direction  of  this  pressure  of  20  pounds 
will  be  the  same  as  the  direction  of  the  larger  sum  of  40  pounds.  The 
same  results  could  be  accomplished  by  using  two  pumps  alone  instead 
of  six,  as  the  pressure  of  two  of  the  six  pumps  which  are  acting 
in  one  direction  is  exactly  neutralized  by  the  pressure  of  two  of  the 
six  pumps  acting  in  the  opposite  direction. 

It  is  obvious  that  if  ten  men  are  pushing  on  a  car— say,  six  in  a 
certain  direction  and  four  in  an  exactly  opposite  direction — ^that  the 
force  tending  to  move  the  car  is  not  equal  to  the  combined  forces 
produced  by  the  ten  men  but  it  is  equal  to  the  force  produced  by  the 
six  men  minus  the  force  produced  by  the  four  men  or  600  —  400  = 
200  pounds.  The  direction  of  this  resultant  force  corresponds  to  the 
direction  in  which  the  six  men  are  pushing. 

In  order  that  the  electrical  pressures  produced  by  several  batteries 
may  act  in  the  same  direction  around  the  electrical  circuit,  it  is  neces- 
sary that  the  terminal  of  lower  electrical  pressure  of  one  battery  be 
connected  to  the  terminal  of  higher  pressure  of  the  next  battery; 
that  is,  that  the  negative  terminal  of  one  battery  be  connected  to 
the  positive  terminal  of  the  next  one.  The  pressure  produced  by  the 
battery  causes  the  ^ctricity  to  pass  through  the  battery  itself  from 
the  terminal  of  lower  pressure,  or  negative  terminal,  toward  the 
terminal  of  higher  pressure,  or  positive  terminal,  while  in  the  part 
of  the  electrical  circuit  outside  of  the  battery  it  causes  the  electricity 
to  pass  from  the  terminal  of  higher  pressure  toward  the  terminal  of 
lower  pressure. 

The  action  of  a  generator  is  exactly  the  same  as  the  battery,  inas- 
much as  the  current  is  from  the  negative  to  the  positive  terminal 
within  the  generator  and  from  the  positive  to  the  negative  terminal 
through  the  circuit  outside  the  generator.  If  several  electrical  pres- 
sures be  connected  in  series  in  such  a  manner  that  part  of  them  are 
acting  in  one  direction  around  the  electrical  circuit  and  the  remainder 
in  the  opposite  direction,  the  total  pressure  acting  in  the  circuit  will 
not  be  equal  to  the  sum  of  all  the  different  pressures,  but  it  will  be 
equal  to  the  difference  in  the  sums  of  the  pressures  acting  in  the 
opposite  directions. 

The  difference  in  the  sum  of  the  pressures  acting  in  the  two 
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directii)nB  around  the  circuit  is  called  the  effective  pressure  and  the 
direction  of  the  effective  pressure  will  correspond  to  the  direction 
of  the  larger  sum  of  pressures.  For  example,  if  six  -dry  cells  each 
producing  a  pressure  of  1.5  volts,  are  connected  in  series,  but  the 
pressure  produced  by  two  of  them  is  in  the  opposite  direction  to 
the  pressure  produced  by  the  remaining  four  cells,  then  the  effec- 
tive pressure  in  the  circuit  will  be  equal  to  the  pressure  produced 
by  the  four  cells,  or  6  volts,  minus  the  pressure  produced  by  the 
two  cells,  or  3  volts,  which  gives  3  volts.  The  same  effective  pres- 
sure could  be  produced  by  two  cells  acting  alone,  as  the  pressure 
produced  by  two  of  the  six  cells  acting  in  one  direction  is  exactly 
counteracted  by  the  pressure  of  two  of  the  six  cells  acting  in  the 
opposite  direction. 

Arrangement  of  the  Parts  of  a  Series  Circuit 

The  order  in  which  the  various  parts  of  a  series  circuit  are 
arranged  has  nothing  to  do  with  the  operation  of  the  circuit.  The 
pressures  may  be  connected  together  at  one  point  and  the  resistances 
all  connected  directly  together,  or  the  pressures  may  be  distributed 
around  the  circuit  by  connecting  the  resistances  between  the  differ- 
ent pressures.  The  effective  pressure  acting  in  the  series  circuit  is 
independent  of  the  location  of  the  various  pressures  in  the  cir- 
cuit and,  likewise,  the  total  resistance  of  the  circuit  is  independent 
of  the  location  of  the  different  resistances  forming  the  circuit.  Two 
6- volt  lamps  and  two  6 -volt  batteries  may  be  connected  in  series 
as  shown  in  Fig.  20  or  they  may  be  connected  as  shown  in  Fig.  21 
and  the  results  are  exactly  the  same. 

If  a  voltmeter  be  connected  between  the  points  A  and  B  in  Figs. 
20  and  21  there  will  be  no  indication  of  pressure  between  the  two 
points  and  so  far  as  the  operation  of  the  circuit  is  concerned  they 
may  be  connected  together.  The  reason  for  there  being  no  differ- 
ence in  pressure  between  the  points  A  and  B  is  as  follows:  The 
same  part  of  the  total  pressure  is  used  in  operating  each  of  the 
lamps,  since  they  are  supposed  to  have  the  same  resistance,  and, 
since  the  pressure  produced  by  each  of  the  batteries  is  the  same, 
we  can  think  of  one  of  the  batteries  as  producing  the  current  in 
one  of  the  lamps  and  the  other  battery  as  producing  the  current  in 
the  other  lamp. 

If  the  lamps  were  of  unequal  resistance,  in  Figs.  20  and  21,  and 
the  pressures  produced  by  the  batteries  were  the  same,  there  would 
be  a  difference  in  pressure  between  the  points  A  and  B;  or,  if  the 
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reBlstancea  of  the  lamps  were  tbe  Bame  and  the  pressures  produced 
by  the  batteries  were  unequal,  there  would  be  a  difference  in  pres- 
Bure  between  the  points  A  and  B.  If,  however,  the  resistances  of 
tbe  lamps  are  unequal  and  the  pressures  produced  by  the  batteries 
are  also   unequal,  but  the   relation   between   the  resistaDces   is  the 


Fins.  2 

same  as  the  relation  between  the  pressures  produced  by  the  batteries, 
then  there  will  be  zero  pressure  between  the  points  A  and  B,  if  these 
points  are  so  chosen  that  the  lamp  of  higher  resistance  is  in  circuit 
with  the  battery  of  higher  pressure  between  the  two  points. 

Internal  Resistance 

Part  of  the  pressure  produced  by  a  pump,  when  it  is  causing  the 
water  to  flow  through  a  water  circuit  is  used  in  causing  the  water 
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to  flow  through  the  pump  itself.  The  property  of  the  pump  which 
results  in  part  of  the  pressure  it  produces  being  used  in  the  above 
manner  may  be  called  the  internal  resistance  of  the  pump.  The 
greater  the  current  of  water  through  the  pump,  the  greater  the 
pressure  required  to  overcome  the  internal  resistance  of  the  pump. 

When  there  is  no  current  through  the  pump  the  difference  in  the 
pressure  indicated  by  two  gauges  connected  to  the  terminals  of  the 
pumps  will  represent  the  total  pressure  produced  by  the  pump.  The 
part  of  this  total  pressure  which  is  available  to  act  on  the  external 
circuit  and  produces  a  current  will  depend  upon  how  much  of  it  ia 
used  within  the  pump  itself.  It  is  obvious  that  the  pressure  between 
the  terminals  of  the  pump  when  there  is  a  certain  current  through 
it  will  be  greater  for  a  low  internal  resistance  than  for  a  high 
internal  resistance.  Hence,  it  is  desirable  to  have  the  internal 
resistance  of  the  pump  as  low  as  possible  in  order  that  just  as 
much  of  the  pressure  it  produces  be  available  at  the  terminals  of 
the  pump.  The  pressure  between  the  terminals  of  the  pump  will 
change  as  the  current  through  the  pump  changes  even  though  the 
total  pressure  produced  by  the  pump  remains  constant.  The  larger 
the  current  through  the  pump  the  lower  the  difference  between  the 
terminal  pressures. 

All  of  the  pressure  produced  by  the  battery  or  generator  is  not 
available  at  the  terminals,  as  a  part  of  the  pressure  is  used  in 
causing  the  electricity  to  flow  through  generator  or  battery.  The 
opposition  offered  by  the  generator  or  battery  to  the  flow  of  elec- 
tricity through  it  is  called  the  internal  resistance.  The  action  of 
the  internal  resistance  of  the  generator  or  battery  is  exactly  the 
same  as  the  internal  resistance  of  the  pump.  It  results  in  the 
pressure  between  the  terminals  of  the  generator  or  battery  decreas- 
ing as  the  value  of  the  current  through  them  increases,  assuming 
the  total  pressure  generated  remains  practically  constant.  A  few 
simple  examples  will  perhaps  give  the  reader  a  better  understand- 
ing of  the  effect  of  this  internal  resistance  upon  the  operation  of 
the  electrical  circuit. 

The  total  pressure  generated  in  a  certain  storage  battery  is  6.8 
volts  and  the  internal  resistance  of  the  battery  is  .04  ohm.  What 
will  be  the  pressure  between  the  terminals  of  the  battery  when  the 
battery  is  supplying  a  current  of  20  amperes? 

The  pressure  required  to  produce  a  current  of  20  amperes  through 
a  resistance  of  .04  is  equal  to  the  product  of  the  current  and  the 
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resistance,  .04  X  20,  or  .8  volt.  The  pressure  available  at  the 
terminals  of  the  battery  will  be  equal  to  the  total  pressure  minus 
the  pressure  required  to  produce  the  current  through  the  internal 
resistance,  or  6.8  minus  .8,  or  6  volts. 

If  several  batteries  similar  to  the  above  be  connected  in  series 
so  that  their  pressures  are  all  acting  in  the  same  direction  around 
the  circuit  there  will  be  a  decrease  in  the  value  of  the  pressure 
between  the  terminals  of  each  of  the  batteries  as  the  current  in 
the  circuit  increases  in  value.  The  decrease  in  pressure  of  the 
different  batteries  will  be  the  same  provided  their  internal  resis- 
tances are  equal  in  value.  If  the  internal  resistance  of  the  differ- 
ent batteries  are  not  equal,  there  will  be  a  greater  decrease  in  the 
value  of  the  pressure  between  the  terminals  of  the  batteries  of  larger 
internal  resistance  than  between  the  terminals  of  the  batteries  of 
lower  internal  resistance. 

It  may  happen  that  the  internal  resistance  of  one  or  more  of 
the  batteries  is  such  that  the  pressure  required  to  cause  the  electricity 
to  flow  through  its  internal  resistance  is  greater  than  the  pressure 
produced  by  that  particular  battery,  which  results  in  a  part  of  the 
pressure  produced  by  some  other  battery  of  lower  internal  resistance 
being  used  to  cause  the  electricity  to  flow  through  the  battery  of 
higher  internal  resistance. 

This  state  of  affairs  may  exist  in  a  circuit  composed  of  a  number 
of  dry  cells  connected  in  series.  The  pressure  produced  by  each  of 
the  dry  cells  may  be  the  same  when  measured  by  means  of  a  volt- 
meter and  there  is  no  current  through  them  except  that  required  to 
operate  the  voltmeter.  If  a  current  be  taken  from  each  of  the  cells, 
it  will  be  observed  that  there  is  a  decrease  in  the  voltmeter  reading 
due  to  a  part  of  the  total  pressure  being  used  within  the  cell.  The 
internal  resistance  of  some  of  the  cells  may  be  such  that  it  will  be 
impossible  to  get  a  very  large  current  from  the  cells  even  if  their 
terminals  be  connected  directly  to  the  ammeter.  A  cell  of  high 
internal  resistance  may  do  more  harm  in  a  circuit  than  it  does  good. 

For  example,  when  the  pressure  required  to  cause  the  electricity  to 
flow  through  the  internal  resistance  is  greater  than  the  pressure  the 
cell  is  producing,  the  cell  is  a  hindrance  rather  than  an  aid  to  the 
operation  of  the  circuit.  All  of  the  cells  may  help  in  producing  the 
current,  when  the  value  of  the  current  is  small,  but  with  an  increase 
in  current  some  of  the  cells  may  prove  to  be  worthless  or  a  hindrance 
to  the  operation  of  the  circuit. 
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The  above  discussion  leads  to  the  conclusion  that  the  condition  of 
a  cell  cannot  be  determined  by  measuring  its  pressure  alone,  but 
the  ability  of  the  cell  to  deliver  current  or  the  decrease  in  pressure 
between  its  terminals  with  an  increased  in  current  must  be  deter- 
mined. A  more  detailed  discussion  of  the  internal  resistance  of  a 
cell  will  be  given  in  the  section  on  batteries. 

Calculating  Resistance  for  Battery  Charging 

A  storage  battery  is  charged  by  sending  a  current  through  the 
battery  from  the  positive  to  the  negative  terminal  or  just  opposite 
to  the  direction  in  which  the  pressure  of  the  storage  battery  acts. 
The  pressure  producing  the  current  must  be  ample  to  overcome 
the  pressure  of  the  storage  battery  and  in  addition  to  produce  the 
required  current  through  the  resistance  of  the  connecting  leads  and 
the  internal  resistance  of  the  battery.  In  some  cases  the  pres- 
sure producing  the  current  is  varied  in  value  in  order  to  produce 
the  required  current,  while  in  some  eases  the  pressure  of  the  source 
from  which  the  charging  current  is  derived  remains  constant  and  the 
resistance  of  the  circuit  is  adjusted  so  as  to  give  the  proper  current. 

For  example,  what  resistance  must  be  connected  in  circuit,  if 
it  is  desired  to  send  4  amperes  through  a  6-volt  battery  when  it 
is  connected  to  a  110-volt  circuit?  If  the  pressure  produced  by 
the  battery  is  exactly  6  volts  and  the  pressure  of  the  circuit  to 
which  the  battery  is  connected  is  110  volts,  then  the  effective  pres- 
sure is  equal  to  110  minus  6,  or  104  volts.  This  effective  pressure  of 
104  volts  is  to  produce  a  current  of  4  amperes,  therefore  the  resis- 
tance of  the  circuit  must  be  equal  to  104  divided  by  4,  or  26  ohms. 
This  resistance  of  26  ohms  represents  the  total  resistance  of  the 
circuit.  If  the  pressure  of  the  battery  increases,  the  current  in  the 
circuit  will  decrease  as  the  effective  pressure  will  be  less.  In  order 
to  maintain  the  current  constant  in  value,  as  the  value  of  the  effec- 
tive pressure  decreases,  it  will  be  necessary  to  decrease  the  resistance 
01  the  circuit. 

If  several  batteries  be  connected  in  series,  the  effective  pressure 
will  be  less  than  in  the  case  of  a  single  battery,  and  hence  less 
resistance  will  be  required  in  order  that  the  current  be  the  same 
in  both  cases.  Details  for  charging  storage  batteries  will  be  given 
in  the  section  on  batteries. 


I 
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CHAPTER  III 

Parallel  Circuits 

IF  a  water  circuit  is  composed  of  two  pipes  and  they  are  connected 
in  the  manner  indicated  at  A  and  B  in  Fig.  22,  thej  are  said  to 
be  connected  in  parallel  or  multiple.  There  are  two  paths  in  which 
the  water  may  flow  in  passing  along  the  circuit  from  the  point  A 
to  the  point  B  and  just  as  much  water  is  returning  to  the  pump 
in  a  given  time  as  to  leaving  it.  The  quantities  of  water  passing 
through  the  different  pipes  in  a  given  time  or  the  currents  of  water 
in  the  different  pipes  connected  in  parallel  are  not  necessarily  equal 
unless  the  resistances  of  the  different  pipes  are  the  same.  The 
water  is  not  used  up  in  the  operation  of  such  a  circuit. 

An  electrical  circuit  composed  of  two  or  more  different  wires 
of  perhaps  different  sizes,  lengths  and  material,  and  connected  as 
shown  in  Fig.  23,  is  called  a  multiple  or  parallel  circuit.  In  this 
case  there  are  as  many  paths  for  the  electricity  to  flow  through 
in  passing  from  the  positive  terminal  to  the  negative  terminal, 
through  the  circuits  outside  the  battery,  as  there  are  different 
wires  in  parallel.  Just  as  much  electricity  is  returning  to  the 
battery  in  a  given  time  as  is  leaving  the  battery.  The  quantities 
of  electricity  passing  through  the  different  paths  in  one  second 
or  the  currents  in  the  different  paths  of  the  parallel  circuits  are 
not  necessarily  equal  unless  the  resistance  of  the  different  paths  is 
the  same.  Just  remember  that  the  electricity  is  not  used  up  in  the 
operation  of  such  a  circuit. 

A  parallel  water  circuit  it  is  found  in  the  operation  of  the  cool- 
ing system  of  a  motor  car  engine,  as  shown  in  Fig.  24.  In  this 
case,  the  water  jackets  of  the  four  cylinders  are  all  connected  in 
parallel  and  the  pump  forces  the  water  through  the  water  jackets 
and  radiator.  The  current  of  water  through  the  pump  and  radiator 
is  the  same  and  equal  to  the  combined  currents  through  the  four 
water  jackets.    The  currents  in  the  different  water  jackets  are  not 
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necesearil;  equal  nnlefls  Ube  opposition  offered  to  the  ilow  of  water 
through  the  different  jackets  to  the  same  in  each  case.  It  is  obvious 
that,  if  the  water  jacket  of  one  cjliuder  ofEers  a,  greater  opposition 
to  the  flow  of  the  water  than  the  other  water  jackets,  there  will  bo 
a   smaller    curieot   through    this   jacket   than    through    the   others. 


Fig.  Z2—A.  poreHe/  lOotFr  rt 


Fiff.   23— i   poroiiel  eJectrte  (rfrcuJi 

The  water  jacket  offering  the  greatest  opposition  to  the  flow  of 
water  will  have  the  smallest  current;  while  the  water  jaeket  offering- 
the  smallest  opposition  always  will  have  the  largest  current.  The 
current  in  the  remaining  paths  will  have  a  value  somewhere  between 
the  above  maxinum  and  minimum  values. 
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When  the  headlights  on  &  taot«r  car  ere  connected  as  shown  In 
Fig.  25,  they  form  a  typical  parallel  electrical  circuit  Just  as 
much  electricity  returns  to  the  battery  in  a  given  time  as  leaves 
the  battery.  The  current  in  each  of  the  lamps  is  not  necessarily 
the  same.    Bemember  the  electricity  is  not  consumed  in  the  lamps. 


— Parallel  Koter  drcui 


Pig,  2S — Parallel  tlCQtric  oircait  fn  Hghting  tyttem 

Reustance  of  Parallel  CbcuiU 

Since  the  resistance  offered  by  a  pipe  to  the  free  flow  of  water 
through  it  decreases  with  an  increase  in  the  size  of  the  pipe  the 
length  remaining  constant,  it  is  evident  that  the  resistance  offered 
by  two  pipes  connected  in  parall^  wiU  be  less  than  the  re^atanee 
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of  a  single  pipe.  If  the  two  pipes  are  of  exactly  the  same  size 
and  length,  they  nill,  when  cotmected  io  parallel,  offer  one-half  of 
the  resistance  to  the  flow  of  water  through  the  circuit  that  is  offered 
by  a  single  pipe. 

For  convenience,  the  two  pipes,  aa  ahown  in  Fig.  26,  might  be 
considered  as  being  equivalent  to  a  single  pipe,  as  shown  in  Fig. 
27,  whose  length  is  the  same  as  that  of  each  of  the  two  pipes  and 
whose  area  is  equal  to  the  combined  area  of  the  two  pipes,  which 
will  be  twice  that  of  either  pipe,  since  the  pipes  are  equal  in  area. 
The   resi stance   of   this   large   pipe,   which   is   to   replace   the   twa 
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the  same  or  different  areas.  Their  combined  resistance  then  will 
be  equal  to  the  resistance  of  a  single  wire  of  the  same  material 
and  same  length  and  whose  area  is  equal  to  the  sum  of  the  areas 
of  the  several  different  wires. 

For  example,  if  two  resistances  of  6  and  3  ohms,  respectively,  be 
connected  in  parallel,  their  combined  resistance  may  be  determined 
as  follows: 

For  convenience,  let  us  assume  that  these  two  resistances  are  two 
wires  of  the  same  material  and  that  they  are  equal  in  length.  Then, 
the  area  of  the  3-ohm  wire  will  be  twice  the  area  of  the  6-ohm  wire, 
since  its  resistance  is  one-half  as  great,  the  area  increasing  as  the 
resistance  decreases.  The  two  wires  will  have  a  combined  area 
equal  to  three  times  the  area  of  the  6-ohm  wire.  The  resistanoe 
of  a  wire  whose  area  is  three  times  that  of  another  wire  of  the 
same  material  and  having  the  same  length  will  be  one-third  of  the 
resistance  of  the  smaller  wire. 

Hence,  the  resistance  of  a  wire  which  may  replace  the  two  wires 
is  equal  to  one-third  the  resistance  of  the  6-ohm  wire,  or  2  ohms. 

Suppose  three  resistances  of  4,  3  and  12  ohms,  respectively,  be 
connected  in  parallel.  Their  combined  resistance  may  be  deter- 
mined as  follows: 

Again  let  us  assume  that  these  resistances  are  three  wires  of  the 
same  material  and  all  have  the  same  length,  then  the  area  of  the 
4-ohm  wire  will  be  three  times  as  great  as  the  area  of  the  12-ohm 
wire  and  the  area  of  the  3-ohm  wire  will  be  four  times  as  great 
as  the  area  of  the  12-ohm  wire. 

The  three  wires  will  have  a  combined  area  equal  to  1  +  3  +  4 
or  8  times  the  area  of  the  12-ohm  wire.  This  equivalent  wire  whose 
area  is  8  times  the  area  of  the  12-ohm  wire  will  have  a  resistance 
equal  to  one-eighth  of  the  12-ohm  wire  or  1^.  ohms. 

Any  number  of  resistances  may  be  combined  in  the  above  manner 
by  first  assuming  them  all  composed  of  the  same  material  and  having 
the  same  length  and  then  replaced  by  a  wire  of  the  same  material 
and  same  length,  but  having  an  area  equal  to  the  combined  area 
of  the  several  wires. 

Conductance 

The  resistance  of  the  electrical  circuit  is  a  property  of  the  cir- 
cuit which  opposes  the  free  flow  of  electricity  through  the  circuit, 
and  it  is  measured  in  a  unit  called  the  ohm.  The  property  of  the 
circuit  which  permits  the  electricity  to  flow,  or  that  property  which 
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is  just  the  opposite  of  resistance  and  is  equal  to  1  divided  by  the 
resistance  in  ohms,  is  called  the  conductance  of  the  circuit  and 
it  is  measured  in  a  unit  called  the  mho.  It  is  interesting  to  note 
that  the  unit  in  which  the  conductance  is  measured  is  the  unit  of 
resistance,  the  ohm,  spelled  backward. 

The  resistance  of  a  parallel  circuit  maj  be  determined  by  merely 
adding  the  conductances  of  the  several  parts  just  as  the  resistance 
of  a  series  circuit  may  be  determined  by  adding  the  resistances 
of  the  different  parts.  For  example,  if  two  resistances  of  6  and  3 
ohms,  respectively,  are  connected  in  parallel  their  resistance  may  be 
determined  as  follows:  The  conductance  of  the  6-ohm  branch 
will  be  equal  to  1  divided  by  6,  or  1/Q  mho,  and  the  conductance 
of  the  3 -ohm  branch  will  be  equal  to  1  divided  by  3,  or  %  mho. 
The  total  conductance  of  the  divided  circuit  will  be  equal  to  the 
sura  of  the  conductances  of  the  two  branches,  or 

total  conductance  =  1/6  +  1/3  =  3/6  mho 

Since  the  conductance  of  a  circuit  is  equal  to  1  divided  by  the 
resistance  then  the  above  relation  may  be  written  as  follows: 

1 

r- =3/6 

resistance 

or  the  resistance  =  6/3  =  2  ohms 
Suppose  three   resistances   of   6,   3   and   12   ohms,  respectively,  be 
connected  in  parallel,  then  their  combined  resistance  may  be  deter- 
mined as  follows: 

total  conductance  =  14  +  A  +  % 

=  A  mho 

1 

Then    =  A 

resistance 

or  the  resistance  =  A  =  1%  ohms 

If  two  headlights  whose  resistance  are  4  and  2  ohms  respectively 
be  connected  in  parallel,  what  will  be  the  value  of  their  combined 
resistance?  The  conductance  of  the  two  branches  of  the  divided 
circuit  formed  by  the  two  lamps  will  be  one-fourth  and  one-half 
mho  respectively,  and  the  total  conductance  will  be 
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total  conductance  =  %  +  %; 

=  ^  +  % 
=  %  mho 

1 

then : =  % 

resistance 

or,  the  resistance  =  %  =  1%  ohms 

Therefore  the  two  lamps  will  have  a  combined  resistance  of  1% 
ohms. 

When  any  number  of  equal  resistances  are  connected  in  parallel 
the  total  resistance  is  equal  to  the  resistance  of  one  of  the  resistances 
divided  by  the  number  of  resistances  connected  in  parallel.  For 
example,  if  six  4-ohm  lamps  are  connected  in  parallel  the  total 
resistance  of  the  combination  will  be  equal  to  4  divided  by  6,  or 
%  ohm.  Remember  this  method  of  determining  the  resistance  of  a 
parallel  circuit  holds  true  only  when  the  value  of  the  different  re- 
sistances is  the  same. 

PreMure  Relations  for  tiie  Parallel  Circut 

If  pressure  gauges  be  connected  to  the  water  circuit  at  the  points 
A  and  B  as  indicated  in  I'ig.  28,  the  difference  in  the  readings  of 
the  two  gauges  will  represent  the  pressure  acting  on  each  of  the 
pipes  forming  the  parallel  circuit.  It  is  obvious,  from  an  inspec- 
tion of  this  figure,  that  the  pressure  acting  on  each  of  the  branches 
of  a  parallel  or  divided  circuit  is  at  each  instant  exactly  the  same. 

If  a  voltmeter  be  connected  to  the  electrical  circuit  at  the  points 
A  and  B  as  indicated  in  Fig.  29,  the  pressure  indicated  by  the  volt- 
meter will  represent  the  value  of  the  pressure  acting  on  the  divided 
circuit,  and,  it  is  obvious  that  the  pressure  acting  on  each  of  the 
several  branches  of  a  parallel  circuit  at  any  instant  is  exactly  the 
same,  since  each  branch  is  connected  between  the  same  two  points. 
If  several  lamps  be  connected  in  parallel,  the  pressure  acting  on 
each  of  the  lamps  will  be  the  same  regardless  of  their  candle-power 
or  voltage  ratings. 

Current  Relations  for  tiie  Parallel  Circut 

If  two  pipes  of  the  same  size  and  same  length  be  connected  in 
parallel  and  the  combination  in  turn  connected  to  a  pump,  the 
current  of  water  in  each  of  the  pipes  will  be  the  same  since  they 
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cueh  otler  the  tntnc  tefiistance  and  the  same  preEsnre  ts  acting  on 
each  of  them.  If,  honever,  one  of  the  pipes  be  longer  than  the 
other,  their  size  heing  the  same;  or  if  ooe  pipe  be  smaller  than  the 
otlier,  their  lengths  being  the  Banie,.the  current  of  water  in  the  two 
pipes  will  not  be  the  same.     The  current  of  water  in  the  pipes  which 


Fig.  29 — The  voltmeter  across  tht 
enda  of  the  branehea  In  n  parallel 
elfclric  circuit  ahaics  the  preasure 
in  cocft  bratmb,  aiaee  the  pressure 
Is  Ihe  same  In  eocA   branch 

Fig.  28 — The  difference  of  the 
readings  of  the  tico  pressure 
gauges  at  either  end  of  the 
parallel  leater  circuit  represenfe 
the  pressure  en  eaoA  p<pe 


offers  the  greater  resistance  will  be  less  than  the  current  of  water 
in  the  pipe  which  offers  the  less  resistance.  For  eiample,  if  the 
resistance  of  one  pipe  is  twice  as  great  as  the  resistance  of  tike 
other  pipe,  then  the  current  in  it  wOl  be  one-half  as  great  as  th« 
current  in  the  other  pipe. 
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If  two  equal  electrical  resistances  be  connected  in  parallel  they 
will  each  carry  the  same  current.  For  example,  if  two  12-volt 
headlights  of  the  same  make  and  same  candlepower  be  connected  in 
parallel  to  a  12-volt  battery,  the  current  in  each  of  the  lamps  will 
be  practically  the  same.  The  total  current  supplied  by  the  battery 
will  be  equal  to  the  sum  of  the  currents  in  the  two  branches.  If, 
however,  two  resistances  which  are  unequal  in  value  be  connected 
in  parallel  the  current  in  the  resistances  will  not  be  the  same. 

The  -branch  of  the  divided  circuit  having  the  larger  resistance 
will  carry  the  smaller  current,  while  the  branch  of  the  divided  cir- 
cuit having  the  smaller  resistance  will  carry  the  larger  current.  The 
total  current  supplied  to  the  divided  circuit  will  be  equal  to  the 
sum  of  the  currents  in  the  two  branches  regardless  of  whether  these 
are  equal  or  not.  Thus  if  two  6-voit  lamps  which  take  currents  or 
3  •  and  2  amperes  respectively  be  connected  in  parallel  to  the 
terminals  of  a  6-volt  battery,  the  total  current  taken  by  the  lamp 
wiU  be  equal  to  3  plus  2  or  5  amperes. 

From  the  above  discussion  it  is  obvious  that  lamps  made  to 
operate  on  different  voltages  can  not  be  operated  satisfactorily  in 
parallel,  because,  if  the  voltage  is  adjusted  to  the  proper  value 
for  one  lamp,  it  is  not  correct  for  the  other.  In  the  case  of  the 
series  circuit,  the  lamps  had  to  take  the  same  current  in  order  to 
operate   satisfactorily  in  series. 

The  relation  of  the  currents  in  the  two  branches  of  a  divided 
circuit  is  just  the  reverse  of  the  relation  between  the  resistances 
of  the  two  branches.  Thus,  if  the  resistances  of  the  two  branches 
of  a  divided  circuit  are  4  and  8  ohms,  respectively,  then  the  current 
in  the  4-ohm  branch  will  be  twice  as  great  as  the  current  in  the 
8-ohms  since  the  resistance  of  the  4-ohm  branch  is  one-half  the 
resistance  of  the  8-ohm  branch. 

The  total  current  supplied  to  a  parallel  circuit  of  any  number 
of  branches  is  equal  to  the  sum  of  the  currents  in  all  of  the  differ- 
ent branches,  and  the  relation  of  the  currents  in  the  different 
branches  is  just  the  reverse  of  the  relation  of  the  resistance  of  the 
different  branches. 

Examples  Illustrating  Relations  of  Parallel  Circuits 

If  three  resistances  of  6,  3  and  2  ohms  respectively  are  con- 
nected in  parallel  the  relation  of  the  currents  in  the  different 
branches  will  be  as  follows:     The  current  in  the  2-ohm  resistance; 
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will  be  equal  to  three  times  the  current  in  the  6-ohm  resistance  and 
one  and  one-half  times  the  current  in  the  3 -ohm  resistance.  The 
current  in  the  3-ohm  resistance  will  be  equal  to  twice  the  current 
in  the  6-ohm  resistance  and  two-thirds  of  the  current  in  the  2-ohm. 
resistance.  The  current  in  the  6-ohm  coil  will  be  equal  to  one-half 
of  the  current  in  the  3-ohm  coil  and  one-third  of  the  current  in  the 
2-ohm  coil. 

The  resistance  of  the  winding  of  an  electric  heater  which  is  made 
to  operate  on  a  12-volt  battery  is  3  ohms.  What  will  the  resistance 
of  this  heater  be  if  a  second  winding  of  6  ohms  is  connected  in 
parallel  with  the  first  winding  and  what  current  will  the  heater 
take  from  a  12-yolt  battery  after  the  second  winding  is  put  in  place? 

The  combined  conductance  of  the  two  windings  is  equal  to 

%+%=%+^6==y6mho 

then  the  resistance  will  be  equal  to  6  divided  by  3,  or  2  ohms. 

The  current  taken  by  the  6-ohm  winding  will  be  equal  to  12 
divided  by  6  or  2  amperes,  and  the  current  taken  by  the  3-ohm 
winding  will  be  equal  to  12  divided  by  3  or  4  amperes.  The  total 
current  taken  by  the  heater  after  the  second  winding  is  put  in 
place,  will  be  equal  to  the  sum  of  the  currents  taken  by  the  two 
windings,  that  is  2  -|-  4  or  6  amperes. 

The  total  current  can  be  obtained  by  dividing  the  pressure  acting 
on  the  heater  by  the  combined  resistance  of  the  two  windings,  as 
follows : 

12 
1  =  —  =  6  amperes 
2 

Combined  Series  and  Parallel  Circuits 

An  electrical  circuit  may  be  a  combination  of  one  or  more  series 
and  parallel  circuits,  as  shown  in  Fig.  30,  which  represents  two 
headlights  in  parallel  with  each  other  and  this  combination  in  turn 
connected  in  series  with  a  resistance  R  and  a  storage  battery.  This 
is  the  principle  used  in  some  methods  of  dimming  headlights.  The 
sum  of  the  currents  through  the  two  lamps  is  equal  to  the  total 
current  or  the  current  in  the  resistance.  The  total  resistance  of  this 
circuit  is  equal  to  the  sum  of  the  resistance  of  the  parallel  portion 
and  the  resistance  of  the  remainder  of  the  circuit.     For  example, 
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If  the  raaJstance  of  the  tvo  lampe  is  4  ohma  each  and  the  resis- 
tuQce  of  the  coil  in  series  is  3  ohms,  the  total  reBistance  cao  be 
determined  as  follows: 

Since  the  tno  lamps  have  equal  reaistances,  their  cotnbiaed  tesis- 
tauce  will  be  equal  to  4  divided  by  2  or  2  ohms,  and  the  total 
resistance  will  be  equal  to  2  phis  3  or  5  ohms. 

If  tbe  voltage  of  the  batter;  is  6  volts,  the  current  in  the 
circuit  will  be  equal  Ut  6  divided  bj  5  oi  1.2  amperes.  The  value 
of  the  current  in  each  of  the  lamps  will  be  the  same,  since  tbe  two 
paths  of  the  divided  circuit  have  the  same  resistance,  or  oue-half 
of  1.2,  or  .6  ampere.  The  pressure  over  the  two  lamps  in  parallel 
\Till  be  the  same  part  of  the  total  pressure  as  the  resistance  of  the 
two  lamps  iu  parallel  b  a  part  of  the  total  resistance.  The  resis- 
tance of  the  two  lamps  in  parallel  is  2  ohms  and  the  total  resistance 
is  9  ohms.  Hence,  the  pressure  over  the  lamps  will  be  equal  to  % 
of  6  or  2.4  volts. 

The  pressure  over  the  3-obm  resistance  wUl  be  equal  to  %  of  6 
or  3.6  volts.  Or,  if  the  drop  over  one  part  of  the  circuit  ia  known 
the  drop  over  the  otber  part  will  be  equal  to  the  total  pressure  minus 
the  drop  over  the  flrst  part.  Thus  the  drop  over  the  two  lamps  in 
parallel  is  2.4  volts.  Then,  the  drop  over  tbe  3-ohm  resistance  will 
be  equal  to  6  minus  2.4  or  3.6  volts. 

Pressures  in  Parallel 

If  twopnmpBbeconiieoted,as3howniii  HK.31,t^ey  are  said  to  be 
connected  in  parallel  and  the  sum  of  the  currents  of  water  through 
the  two  pumps  will  be  equal  to  the  total  current  in  the  main  pipes 


Fig.  80 — A  combined  »erte»  anil  parallel  lighttng 
the  lamps  are  in  parallel  and  a  reaiatance  coll  I 
iatterv 
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and  iraUr  motor  M,  provided  the  currents  in  the  two  pumps  are 
both  in  tbe  same  directioii,  that  is,  b&j  from  the  point  A  to  the 
point  B,  as  indicated. 

Let  UB  asBume  that  the  valve  V  in  the  main  circuit  is  dosed  bo 
that  there  is  no  current  through  the  water  motor  M.  If  the  pres- 
sures produced  b;  the  two  pumps  are  exactly  equal  and  in  the  same 
direction  with  respect  to  the  .iunctiou  points  A  and  B  in  fig.  31, 
there  will  be  no  current  through  either  pump  beeause  the  two  pres- 
sures are  equal  and  neutralize  each  other.  If,  however,  the  pres- 
sure produced  bj  one  pump  is  less  than  that  produced  hj  the  other 
pump,  the  two  pressures  no  longer  neutralized  and  there  nill  be  a 
current  produced  through  both  pumps  by  an  effective  pressure  which 


Fig.  31 — Water  pressures  In  pnrallel.     Tiro   pumps,  PI  and  P2, 
supply  one  mofor  M 

will  be  equal  to  the  difference  in  the  pressures  produced  by  the 
respective   pumps. 

For  example,  suppose  the  pressure  produced  by  the  upper  pump 
is  less  than  the  pressure  produced  by  the  lower  pump,  then  there 
wiU  be  an  effective  pressure  acting  around  the  circuit  composed 
of  the  two  pumps  and  their  connecting  pipes  in  the  direction  of 
the  arrows  through  F2. 

The  current  in  the  upper  pump  will  be  in  a  direction  through 
that  pump  opposite  to  the  direction  of  the  pressure  the  pump  itself 
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is  producing;  while  in  the  lower  pump  the  direction  of  the  current 
will  be  the  same  as  the  direction  of  the  pressure  that  pump  is  pro- 
ducing. The  current  will  be  in  the  same  direction  as  the  arrows 
through  PI  if  the  pressure  produced  by  the  upper  pump  is  greater 
than  the  pressure  produced  by  the  lower  pump. 

The  pressure  betneen  the  two  points  A  and  B  will  be  equal  to 
the  pressure  produced  by  either  or  both  pumps,  provided  there  is 
no  current  in  either  or  both  of  the  pumps.  When  there  is  a'eurrent 
trough  either  or  both  of  the  pumps  and  if  this  current  is  in  the 
same  direction  as  the  pressure  produced  by  the  pump,  the  pres- 
sure between  the  terminals  of  the  pump  or  between  the  points 
A  and  B  Tvitl  be  equal  to  the  total  pressure  produced  by  the  pump 


Fig.   32— ElectHcal   pressures  In  parallel.      Tiro   batteries   supply 

lees  the  pressure  required  to  force  the  water  through  the  circuit 
between  the  points  A  and  B  or  to  overcome  the  internal  resistance 
of  tlie  pump. 

If  the  current  through  the  pump  is  in  the  opposite  direction  to 
the  pressure  produced  by  the  pump,  the  pressure  between  the 
terminals  of  the  pump  or  between  the  points  A  and  B  will  be  equal 
to  the  tfltal  pressure  produced  by  the  pump  plus  the  pressure  re- 
quired to  force  tlie  water  through  the  circuit  between  the  point 
A  and  the  point  B  or  to  overcome  the  internal  resistance  of  the 
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It  is  obvious  from  the  above  discussion  that  the  operation  of 
two  pumps  having  different  internal  resistances  and  producing  differ- 
ent pressures  would  not  be  very  satisfactory. 

Two  batteries  are  shown  connected  in  parallel  in  Fig  32  and 
arranged  to  supply  current  to  a  6-volt  lamp.  When  the  electrical 
pressure  produced  by  the  two  batteries  is  the  same  and  the  two 
positives  are  connected  together  and  the  two  negatives  together, 
there  will  be  no  current  through  either  of  them  when  the  switch  S 
in  the  main  circuit  is  open.  If,  however,  the  pressure  produced  by 
one  battery  is  greater  than  that  produced  by  the  other,  then  there 
will  be  a  current  through  both  batteries  when  the  outside  circuit  is 
open. 

Suppose,  for  example,  the  pressure  produced  by  the  lower  battery 
is  greater  than  the  pressure  produced  by  the  upper  battery.  Then, 
there  will  be  a  current  through  the  upper  battery  in  a  direction 
opposite  to  its  own  pressure,  even  though  there  be  no  current  in  the 
main  circuit.  If  the  value  of  the  current  in  the  main  circuit  be 
increased  gradually  there  will  be  a  decrease  in  the  terminal  pressure 
of  the  batteries,  but  the  one  oi  higher  pressure  will  send  a  cur- 
rent through  the  one  of  lower  pressure  and  also  the  current  through 
the  main  circuit. 

As  the  current  in  the  main  circuit  increases,  the  terminal  pres^ 
sure  of  the  batteries  will  continue  to  decrease  and  finally  this  pres- 
sure will  be  equal  to  the  pressure  produced  by  the  upper  battery. 
Then,  there  will  be  no  current  through  the  upper  battery.  While 
there  is  a  current  through  the  upper  battery  in  a  direction  opposite 
to  its  own  pressure,  the  battery  is  doing  more  harm  than  good,  so 
far  as  the  main  circuit  is  concerned.  If  the  current  in  the  main 
circuit  further  increases,  the  terminal  pressure  between  the  points 
A  and  B  will  decrease  and  there  will  be  a  current  in  the  upper 
battery  in  the  same  direction  as  the  pressure  of  that  battery. 

Suppose  two  batteries  whose  pressures  are  6.5  and  7  volts,  respec- 
tively, and  whose  internal  resistances  are  .01  and  .015  ohm,  respec- 
tively, are  connected  in  parallel  as  indicated  in  Fig.  33.  What 
current  will  there  be  in  each  battery,  when  the  main  circuit  is  open  I 

The  pressures  produced  by  the  two  batteries  are  in  opposition 
to  each  other,  but  they  will  not  be  neutralized,  as  they  are  not 
equal  in  value,  and,  as  a  result,  there  will  be  an  effective  pressure 
acting  in  the  circuit,  composed  of  the  two  batteries  and  their 
connecting  leads,  equal  in  value  to  the  difference  between  the  pres- 
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sures  of  the  two  batteries,  which  is  equal  to  7.0  minus  6.5  or  .5  volt. 
Neglecting  the  resistance  of  the  connecting  leads,  this  effective 
pressure  is  acting  in  a  circuit  whose  combined  resistance  is  equal 
to  the  sum  of  internal  resistances  of  the  two  batteries,  which  is 
.010  plus  .015  or  .025  ohm.  There  will  be  a  current  produced  whose 
value  is  equal  to  the  effective  voltage  divided  by  the  resistance,  or 

current  =  .5  -;-  .025  =  20  amperes. 

Hence,  the  7-volt  battery  will  charge  the  6.5-volt  battery  at  a 
20 -ampere  rate,  when  there  is  no  current  in  the  main  circuit. 

The  current  in  the  6.5-volt  battery  will  be  zero  when  the  terminal 
voltage  of  the  7-volt  battery  is  6.5  volts.  In  order  that  the  terminal 
voltage  of  the  7-volt  battery  be  6.5  volts,  .5  volt  must  be  used  within 
the  battery  itself  in  overcoming  the  internal  resistance  of  the 
battery.  This  .5  volt  pressure  will  produce  a  current  whose  value 
is  equal  to  this  pressure  divided  by  the  internal  resistance  of  the 
battery,  or 

current  =  .5  -i-  .015  =  33%  amperes. 

Hence,  the  current  in  the  6.5-volt  battery  will  be  zero  when  the 
current  in  the  main  circuit  is  33%  amperes.  The  6.5-volt  battery 
will  be  charging  from  the  7-volt  battery  for  all  values  of  current 
in  the  main  circuit  up  to  33%  amperes.  When  the  current  in  the 
main  circuit  exceeds  33%  amperes,  both  batteries  act  together  to 
produce  a  current  in  the  main  circuit,  but  the  value  of  the  current 
through  them  is  not  the  same. 

If  the  pressures  produced  by  two  batteries  connected  in  parallel 
are  equal  but  their  internal  resistances  are  unequal,  they  will  not 
each  carry  the  same  value  of  current,  but  the  one  of  lower  internal 
resistance  always  will  carry  the  larger  part  of  the  total  current. 
The  reason  for  this  is  that  the  terminal  voltages  of  the  two  bat- 
teries always  are  equal  when  the  two  batteries  are  connected  *in 
parallel,  and,  in  order  that  this  be  the  case  when  there  is  a  current 
through  them  and  their  total  pressures  are  equal,  it  is  necessary 
that  the  battery  of  lower  internal  resistance  carry  a  larger  current 
than  the  one  of  higher  internal  resistance  so  that  their  internal 
drops  will  be  equal. 

The  above  relations  readily  account  for  the  fact  that  two  bat- 
teries will  not  always  operate  satisfactorily  in  parallel  as  it  is  really 
necessary  that  they  have  the  same  internal  resistances  pnd  produce 
the  same  pressures  in  order  that  they  divide  the  total  current 
equally  for  all  values  of  the  current  they  may  have  to  supply.  The 
same  thing  is  true  of  dry  cells. 


CHAPTER  IV 

Making  Electricity  Do  Work 

Force 

IN  general  terms,  a  force  is  that  which  produces,  Btops,  changes, 
or  tends  to  produce,  stop,  or  change  the  motion  or  rest  of  a 
body.  Thus,  a  force  always  must  be  applied  to  a  body  to  cause  it 
to  move,  as  when  you  push  on  a  car,  and  a  force  must  be  applied 
in  order  to  increase  or  decrease  the  velocity  of  a  body  that  is  in 
motion.  A  force  does  not  always  produce  motion,  but  may  only 
tend  to  produce  it,  as  when  you  push  on  a  brick  wall  you  apply  a 
muscular  force,  but  there  is  not  necessarily  any  movement  of  the 
wall. 

There  are  a  number  of  different  kinds  of  force,  some  of  the  most 
common  of  which  are  as  follows:  gravitational  force,  as  a  result  of 
which  all  bodies  fall  from  a  higher  to  a  lower  level;  mechanical 
force,  which  may  be  produced  by  the  explosion  of  a  gas  mixture  in 
the  cylinder  of  the  gas  engine;  electrical  force,  which  produces  or 
tends  to  produce  a  movement  of  electricity  in  the  electrical  circuit; 
etc.  The  electrical  force  is  commonly  produced  by  chemical  action  in 
the  battery  or  by  means  of  an  electrical  generator. 

An  electrical  force  is  measured  in  volts,  while  other  forces  are 
usually  measured  in  pounds. 

Work 

If  a  force  overcomes  a  certain  resistance,  work  is  done;  or  work 
is  the  result  of  the  action  of  a  force  through  a  certain  distance. 
Work  is  measured  in  a  unit  which  is  a  combination  of  the  unit  in 
which  the  force  is  measured  and  the  unit  in  which  the  distance  is 
measured.  For  example,  if  you  push  on  a  car  with  a  force  of  75 
pounds  and  the  car  moves  through  a  distance  of  200  feet,  as  showm 
in  Fig.  33,  the  work  done  will  be  equal  to  the  product  of  the  value 
of  the  force  and  the  distance  through  which  the  force  acts,  or 
75  X  200  =  15,000  foot-pounds. 


MAKING  ELECTRICITY  DO  WORK  59 

It  must  be  clearly  understood  that  a  force  may  exist  without 
work  being  done,  as,  when  you  shove  on  a  wall,  you  do  no  work 
unless  there  is  an  actual  movement  as  a  result  of  the  force. 

If  a  man  carries  100  pounds  of  material  from  one  floor  of  a 
building  to  another  floor  which  is  50  feet  above  the  one  from 
which  he  started,  he  will  do  100  times  50  or  5,000  foot-pounds  of 
work. 

A  man  would  do  the  same  amount  of  work  in  carrying  200  pounds 
of  material  up  a  height  of  25  feet,  50  pounds  up  a  height  of  100 
feet,  etc. 

If  a  pump  raises  1,200  gallons  of  wat^r  a  vertical  height  of  100 
feet  and  each  gallon  weighs  8^  pounds,  the  work  done  by  the 
pump  will  be  equal  to  the  weight  of  the  water  raised,  multiplied  by 
the  distance  through  which  it  is  raised.     The  weight  of  the  water 


Fig.  33 — Force  overcoming  distance.     If  the  car  i«  pushed  by  a 
force  of  75  pounds  a  distance  of  200  feet  the  work  done  will 

equal  15,000  foot-pounds 

raised  in  this  particular  case  is  equal  to  1,200  X  8%  =  10,000 
pounds,  and  since  this  weight  of  water  is  raised  100  feet,  the  work 
done  will  be  equal  to  10,000  X  100  =  1,000,000  foot-pounds. 

The  same  amount  of  work  would  be  done  in  raising  600  gallons 
to  a  height  of  200  feet,  2,400  gallons  to  a  height  of  50  feet,  etc. 

A  motor  car  weighing  5,000  pounds  is  to  be  raised  from  the 
ground  floor  of  a  building  by  means  of  a  freight  elevator,  as  shown 
in  Fig.  34,  to  one  of  the  upper  floors  which  is  50  feet  above  the 
ground  floor.  Assuming  that  the  elevator  is  properly  counter- 
balanced, and  neglecting  the  friction  of  the  guides,  pulleys,  ropes, 
etc.,  what  will  be  the  value  of  the  work  done  in  raising  the  car  to 
the  upper  floor?  The  actual  work  done  in  raising  the  car  is  equal 
to  the  weight  of  the  car  multiplied  by  the  distance  through  which 
it  is  raised,  namely  5,000  X  50  =  250,000  foot-pounds. 

The  same  amount  of  work  would  be  done  in  raising  a  car  weigh- 
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to  a  point  of  lower  electrical  pressure,  or  it  is  running  down  bill 
electrically. 

The  same  amount  of  work  would  be  done  in  operating  the  motor 
for  4  minutes  if  it  took  a  current  of  75  amperes,  in  operating  it  for 
1  minute  if  it  took  a  current  of  300  amperes,  etc. 

Energy 

Energy  may  be  defined  as  the  ability  to  do  work.  Thus  the 
energy  of  a  certain  quantity  of  water  standing  in  a  pool  in  the 
street  is  zero  with  respect  to  the  street  level  as  it  is  not  capable 
of  operating  a  water  wheel  or  any  other  device  when  such  a  device 
is  on  the  same  level  as  the  water.  If  the  water  contained  in  this 
pool  be  raised  to  the  roof  of  a  building,  the  water  then  possesses 
some  energy  with  respect  to  the  level  of  the  street  and  is  capable 
of  operating  a  water  wheel  or  any  other  device  when  such  a  device 
is  on  the  street  level,  or  located  at  any  point  below  the  level  of  the 
water.  The  energy  possessed  by  the  water  with  reference  to  the 
street  level  when  it  is  raised  to  the  top  of  the  building  is  equal  to 
the  work  done  in  raising  the  water  from  the  street  level  to  the  top 
of  the  building. 

For  example,  when  1,200  gallons  of  water  is  raised  to  the  top 
of  a  building  which  is  100  feet  above  the  level  of  the  street,  the 
work  done,  we  found  in  the  previous  section,  was  1,000,000  foot- 
pounds. The  energy  possessed  by  this  water  then  is  1,000,000  foot- 
pounds and  it  will  do  that  amount  of  work  if  allowed  to  fall  to  the 
street  level  100  feet  below.  You  can  think  of  work  as  being  the 
expenditure  of  energy  and  energy,  of  course,  is  the  ability  to  do 
work.  The  energy  possessed  by  600  gallons  of  water  which  has 
been  raised  a  vertical  height  of  200  feet,  2,400  gallons  of  water 
which  has  been  raised  50  feet,  etc.,  is  the  same  as  the  energy 
possessed  by  the  1,200  gallons  which  has  been  raised  100  feet. 

In  the  case  of  the  car,  the  work  done  in  raising  it  a  vertical 
height  of  50  feet  was  250,000  foot-pounds,  and  the  energy  of  the 
car  when  it  is  on  the  upper  floor,  50  feet  above  the  ground  floor, 
is  250,000  foot-pounds  with  respect  to  the  ground  floor.  If  the 
car  be  placed  on  the  elevator  and  allowed  to  descend  to  the  ground 
floor  it  may  be  made  to  do  just  as  much  work,  such  as  lifting  the 
counterweight,  as  was  done  upon  it  in  raising  it  to  the  upper  floor, 
neglecting  losses  of  all  kinds. 

The  work  done  in  drawing  the  disabled  car  we  found  to  be  1,056,- 
000  foot-pounds,  but  the  energy  possessed  by  the  car  at  the  end 
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of  the  journey  was  no  diflFerent  from  what  it  was  at  the  beginning, 
because  the  car  was  drawn  along  a  level  path.  All  of  the  work 
done  on  the  car  is  used  in  overcoming  the  friction  of  the  various 
parts.  Ab  a  result,  no  energy  is  stored,  as  in  the  case  of  the  water 
nhicli  was  raised  to  the  top  of  the  building  and  the  cai  which  was 
raised  in  the  elevator.  If  the  ear  had  been  drawn  up  a  grade  instead 
of  along  a  level  patli,  all  of  the  work  done  on  the  car  would  not 
be  used  in  overcoming  the  friction  of  the  various  parts  but  a  part 
would  be  used  in  raising  the  car  as  it  proceeds  up  the  grade. 


The  part  of  the  work  done  in  raising  the  car  will  represent  the 
difference  in  the  energ;  stored  in  the  car  in  the  final  position  and 
first  position.  The  energy  stored  in  the  car  when  it  is  raised  in 
passing  along  the  road  assists  the  movement  of  the  car  in  passing 
down  a  grade  to  the  same  level  from  which  it  started.  If  no  energy 
be  lost  in  applying  the  brakes  and  the  car  starts  and  ends  at  the 
same  level,  the  same  amount  of  work  will  be  done  in  moving  it 
along  a  Joiel  road  as  is  done  in  moving  it  along  an  up  and  down 
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road,  as  the  energy  stored  in  the  car  as  it  goes  up  hill  will  be  used 
when  it  goes  down  grade. 

The  energy  of  a  certain  quantity  of  electricity  at  a  given  point 
in  an  electrical  circuit  with  respect  to  a  second  point  in  an  electrical 
circuit  is  equal  to  the  work  done  in  raising  the  quantity  of 
electricity  from  the  second  point  to  the  first.  Thus,  in  the  case 
of  the  storage  battery,  as  given  in  the  previous  section,  the  work 
done  was  100,800  joules  and  this  represents  the  energy  stored  in 
the  battery,  assuming  that  all  of  the  work  done  is  used  in  pro- 
ducing a  reverse  chemical  action  in  the  battery.  As  a  matter  of 
fact  the  work  done  in  charging  the  battery  will  be  greater  than  the 
energy  stored  in  the  battery  as  some  work  done  will  be  used  in 
overcoming  the  internal  resistance  of  the  battery. 

The  work  in  operating  the  starting  motor  will  be  transformed 
into  mechanical  work  and  may  turn  the  engine,  or  do  other  kinds  o# 
work.  If  the  motor  turns  the  engine  there  will  be  no  energy  stored, 
but  if  it  raises  a  weight  part  of  the  work  it  does  will  overcome  the 
friction  of  the  mechanism  it  is  driving  and  part  of  the  work  will 
be  used  in  raising  the  weight. 

The  work  done  in  raising  the  weight  will  represent  the  value  of 
the  energy  possessed  by  the  weight  in  it«  second  position  with 
respect  to  its  first  position.  This  stored  energy  may  be  used  in 
doing  work. 

Comparison  of  the  Watfer  and  Electrical  Circuits 

A  comparison  of  the  operation  of  the  closed  water  c'rcuit,  shown 
in  Fig.  36,  and  the  electrical  circuit,  shown  in  Fig.  37,  will  be  of 
interest  inasmuch  as  they  are  quite  similar. 

The  water  circuit  consists  of  a  pump  connected  in  series  with  a 
water  motor  by  means  of  several  pipes  and  the  circuit  is  controlled 
by  the  valve.  The  pipes,  pump  and  motor  are  supposed  to  be  filled 
with  water  and  when  the  valve  is  open  thtre  is  a  flow  of  water  in 
the  circuit,  just  as  much  water  returns  to  the  pump  as  leaves  it, 
just  as  much  water  leaves  the  motor  as  enters  it;  in  fact,  the  current 
of  water  is  exactly  the  same  at  every  point  in  the  circuit  at  any 
instant.    Remember,  the  water  is  not  used  up. 

The  electrical  circuit  consists  of  a  generator  connected  in  series 
with  an  electric  motor  by  means  of  several  wires  and  the  circuit 
is  controlled  by  means  of  the  switch.  The  generator  does  not  create 
electricity  but  merely  produces  the  pressure  which  tends  to  cause 
the  electricity  to  move  through  the  circuit.     The  same  quantity  of 
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electricity  leaves  the  generator  as  enters  it,  the  same  quantity  of 
electricity  leaves  the  motor  as  enters  it,  in  fact,  the  current  of 
electricity  is  exactly  the  same  at  every  point  in  the  circuit  at  any 
instant.    Bemember,  the  electricity  is  not  used  up. 

If  the  water  is  not  used  up  in  the  water  motor  and  the  electricity 
is  not  used  up  in  the  electric  motor,  what  is  it  then  that  causes  the 
water  and  electric  motors  to  operate  in  their  respective  circuits! 
The  pump  causes  the  water  to  flow  from  a  point  of  low  pressure  to 
a  point  of  high  pressure  as  the  water  passes  through  the  pump  and, 
in  so  doing,  imparts  energy  to  the  water.  The  energy  possessed 
by  the  water  as  it  leaves  the  pump  is  greater  than  the  energy  it 
possesses  when  it  enters  the  pump  and,  as  a  result,  the  water  is 
capable  of  doing  work  as  it  passes  through  the  circuit  outside  the 
pump.  This  energy  or  ability  to  do  work  possessed  by  the  water 
is  used  in  causing  the  water  to  flow  Ihrough  the  pipes  and  in  operat- 
ing the  water  motor. 

The  generator  in  the  electrical  circuit  causes  the  electricity  to 
pass  through  the  generator  f  om  the  terminal  of  lower  electrical 
pressure  to  the  terminal  of  higher  electrical  pressure  and  in  so 
doing  imparts  energy  to  the  electricity.  The  energy  possessed  by 
the  electricity  as  it  leaves  t  le  generator  is  greater  than  the  energy 
it  possesses  when  it  enters  the  generator  and,  as  a  result,  the  elec- 
tricity is  capable  of  doing  work  as  it  passes  around  the  outside 
circuit.  Tliis  energy  or  ability  to  do  work  possessed  by  the  elec- 
tricity is  used  in  causing  the  electricity  to  flow  through  the  wires 
and  in  operating  the  electric  motor. 

High-  and  Low-Pressure  Circuits 

The  pressure  produced  by  the  pump  in  Fig.  36  may  be  high, 
low  or  what  might  be  called  a  medium  value.  If  the  pressure  is 
low,  a  relatively  large  quantity  of  water  must  pass  through  the 
pipes  in  a  given  time  in  order  to  operate  the  water  motor;  while, 
if  the  pressure  is  high,  the  quantity  of  water  that  must  pass 
through  the  pipes  in  a  given  time  is  relatively  small.  The  energy 
possessed  by  the  water  when  it  is  acting  under  a  high  pressure  is 
greater  than  when  it  is  acting  under  a  low  pressure  and  hence  a 
certain  quantity  of  water  in  a  high-pressure  system  is  capable  of 
doing  more  work  than  a  like  quantity  in  a  low-pressure  system. 
The  current  in  the  high-pressure  circuit  will  be  less  than  the  current 
in  the  low-pressure  circuit. 

A  similar  relation  exists  in  the  electrical  circuit  between  the  quan- 
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tily  and  pressure.  That  is,  the  higher  the  pressure  the  less  the 
quantity  of  electricity  requj>ed  to  do  a  certain  amount  of  work 
and  the  lower  the  pressure,  the  larger  the  quantity  to  do  the  same 
amount  of  work.  Since  there  is  a  smaller  quantity  of  electricity 
required  in  the  high-pressure  circuit  than  in  the  low-pressure  circuit 
in  order  to  do  a  certain  amount  of  work,  and  assuming  the  length 
of  time  required  to  do  this  work  is  the  same  in  both  cases,  it  is 
obvious  that  the  current  of  electricity  in  the  high-pressure  circuit 
will  be  less  than  the  current  of  electricity  in  the  low-pressure  cir- 
cuit, just  as  the  current  of  water  in  the  high-pressure  water  circuit 
will  be  less  than  the  current  of  water  in  the  low-pressure  water 
circuit. 

The  high-pressore  electrical  circuit  must  be  insulated  or  better 
protected  electricaUy  than  the  low-pressure  electrical  circuit,  just 
as  the  walls  of  the  pipes  in  the  high-pressure  water  circuit  must 
be  stronger  than  the  walls  of  the  pipes  in  the  low-pressure  water 
drcoit. 

Conservatkm  of  Energy 

The  amount  of  energy  in  the  universe  is  always  the  same,  but  it 
assumes  many  different  forms  and  it  is  possible  for  us  to  transform 
certain  kinds  of  energy  into  other  kinds  of  energy.  A  good  example 
of  the  transforming  process  is  found  in  the  operation  of  the  steam 
engrine  and  generator.  We  start  with  the  energy  stored  in  the  coal 
or  other  fuel  and  a  part  of  this  energy  is  used  in  heating  the  water 
in  the  boiler  and  thus  producing  a  steam  pressure.  A  part  of  the 
energy  possessed  by  the  steam  is  transformed  into  mechanical 
energy  in  the  engine  which  drives  the  generator.  In  the  generator, 
a  part  of  the  mechanical  energy  used  in  driving  it  is  transformed 
into  electrical  energy. 

The  electrical  energy  produced  by  the  generator  may  be  used  in 
charging  a  storage  battery  where  a  part  of  it  will  be  transformed 
into  chemical  energy ;  it  may  be  used  in  operating  an  electric  heater 
where  a  part  of  the  electrical  energy  is  transformed  into  heat 
energy;  it  may  be  used  in  operating  an  electric  motor  where  a 
part  of  the  electrical  energy  is  transformed  into  mechanical  energy 
and  may  be  used  in  driving  a  pump,  starting  the  gasoline  engine, 
operating  a  fan,  etc.;  it  may  be  used  in  operating  an  incandescent 
or  arc  lamp  where  a  part  of  it  is  transformed  into  radiant  or  light 
energy,  etc. 

In  the   operating  of  the  gas  engine,  we  start  with  the  energy 
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stored  in  the  fuel  which  may  be  a  gas  or  liquid  and  a  part  of  this 
energy  is  transformed  into  mechanical  energy  which  may  be  used 
in  driving  the  motor  car,  the  charging  generator,  circulating  pump, 
etc.  You  see  numerous  examples  every  day  in  which  these  or 
other  transformations  of  energy  are  taking  place. 

The  all-important  point  to  remember  is  that  we  are  not  creating 
or  destroying  energy  hut  merely  transforming  it  from  one  Icind  to 
another  which  wiU  better  serve  owr  purpose. 

In  general,  there  are  two  kinds  of  energy  and  these  are  called 
potential  and  Jcinetic  energy,  respectively.  Potential  energy  is  the 
energy  due  to  position  or  condition  as,  for  example,  the  energy 
possessed  by  a  certain  quantity  of  water  with  respect  to  the  ground 
level  when  the  water  is  located  on  a  level  above  the  ground;  the 
energy  possessed  by  the  volume  of  water  held  behind  the  dam  above 
the  water  wheel;  the  energy  possessed  by  a  steel  spring  after  it 
has  been  put  under  a  strain,  perhaps  elongated,  compressed,  or 
bent  out  of  shape;  the  energy  possessed  by  a  quantity  of  air  stored 
in  a  pressure  tank;  or  a  pneumatic  tire,  etc.;  the  energy  stored  in 
the  primary  or  secondary  battery;  the  energy  stored  in  the  coal, 
gasoline,  gas,  wood,  etc.,  and  numerous  other  examples. 

Kinetic  energy  is  the  energy  of  a  body  due  to  its  motion  as,  for 
example,  a  car  in  motion;  the  energy  stored  in  a  fly  wheel  when  it 
is  turning;  the  energy  stored  in  a  stone  or  other  body  when  it  is 
falling,  etc. 

In  throwing  a  baseball  up  in  the  air,  the  following  transforma- 
tions take  place.  We  start  with  potential  energy  stored  in  the 
individual  who  is  going  to  throw  the  ball,  and  a  part  of  this  energy 
is  imparted  to  the  ball  and  it  is  in  the  form  of  kinetic  energy  as  the 
ball  leaves  the  pitcher's  hand.  This  kinetic  energy  is  transformed 
into  potential  energy  as  the  ball  goes  up  into  the  air  and  finally 
it  possesses  no  kinetic  energy  just  at  the  instant  it  is  neither  going 
up  or  down.  The  potential  energy  is  then  transformed  into  kinetic 
energy  as  the  ball  descends  and  the  greater  part  of  this  kinetic 
energy  will  be  transformed  into  heat  energy  when  the  ball  strikes 
in  the  glove  or  hands  of  the  catcher. 

In  the  various  transformations  of  energy  from  one  kind  to 
another,  the  transformation  is  not  altogether  complete;  that  is,  it 
never  is  100  per  cent  efficient.  Some  of  it  always  will  be  trans- 
formed into  some  other  form  which  we  do  not  want,  usually  heat. 
For  example,  the  electrical  energy  from   a  battery  which  is  con- 
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nected  to  a  starting  motor  is  not  all  transformed  into  mechanical 
energy,  as  a  part  of  the  output  of  the  battery  will  be  used  in 
causing  the  electricity  to  flow  through  the  resistance  of  the  various 
parts  of  the  circuit.  This  energy  will  manifest  itself  by  heating 
the  circuit;  that  is,  it  will  appear  as  heat  energy.  All  of  the 
mechanical  energy  generated  in  the  electric  motor  is  not  available 
to  turn  the  engine  crankshaft  in  starting  as  a  part  of  the  generated 
mechanical  energy  must  be  used  in  overcoming  the  friction  of  the 
bearing  of  the  motor,  the  friction  of  the  brushes  on  the  commutator, 
the  fan -like  action  of  the  armature  as  it  revolves,  which  is  called 
windage,  and  certain  other  losses  which  tend  to  prevent  the  arma- 
ture turning. 

Returning  to  the  more  important  electrical  circuits  or  circles  of 
the  motor  car,  we  find  the  following  transformations  taking  place 
as  shown  in  Fig.  38.  Mechanical  energy  is  transformed  into  elec- 
trical energy  in  the  generator  and  the  magneto.  Electrical  energy 
is  transformed  into  heat  energy  in  the  spark  plug,  the  electric  lamp, 
the  electric  heater,  the  cigar  lighter,  and  in  the  various  conductors 
carrying  a  current.  Electrical  energy  is  transformed  into 
mechanical  energy  in  the  electric  motor.  Electrical  energy  is  trans- 
formed into  chemical  energy  in  the  storage  battery  when  the  battery 
is  being  charged,  and  the  chemical  energy  in  the  battery  is  trans- 
formed into  electrical  energy  when  the  battery  is  discharging. 

Electrical  energy  is  transformed  in  magnetic  energy  in  the  induc- 
tion coil  as  it  passes  from  the  primary  circuit  into  the  magnetic 
field  of  the  coil  and  this  magnetic  energy  is  transformed  into  elec- 
trical energy  as  the  energy  passes  from  the  magnetic  field  into  the 
secondary  circuit.  Electrical  energy  is  transformed  into  magnetic 
energy  and  this  magnetic  energy  into  mechanical  energy  in  the 
various  solenoids  with  a  movable  armature  or  core  as  found  in  the 
cutouts,  electric  gearshifts,  etc. 

It  is  desirable  to  have  these  various  transformations  take  place 
as  efficiently  as  possible.  Fpr  example,  a  generator  which  gives 
out  nearly  as  much  electrical  energy  as  it  received  mechanical  energy 
is  more  desirable  than  a  generator  in  which  the  output  and  input 
are  widely  different.  Likewise,  a  battery  whose  electrical  output 
after  being  charged  is  80  per  cent  of  its  input  on  charge  is  a 
more  desirable  type,  all  o^her  conditions  being  equal,  than  a  battery 
whose  output  on  discharge  is  50  per  cent  of  its  input  on  charge. 


CHAPTER  V 

Electrical  Power 

POWEB  is  the  rate  of  doing  work,  that  is,  it  is  the  work  done 
in  a  given  time  divided  by  the  time.  When  the  rate  of  doing 
work  is  33,000  foot-pounds  per  minute  the  power  is  equal  to  1 
horsepower.  This  rate  of  33,000  foot-pounds  per  minute  is  the 
same  as  550  foot-pounds  per  second,  hence,  if  the  rate  of  doing 
work  is  550  foot-pounds  per  second,  the  power  is  equal  to  1  horse- 
power. 

In  the  preceding  chapter,  we  found  that  there  was  5,000  foot- 
pounds of  work  done  in  raising  100  pounds  of  material  from  one 
floor  of  a  building  to  another  floor  50  feet  above  the  first.  The 
work  done  is  independent  of  the  time  but  the  power  required  is 
dependent  upon  the  time  it  takes  to  do  the  work.  Thus,  if  it  takes 
10  seconds  for  the  hoisting  machine  to  raise  the  100  pounds  50  feet, 
the  work  done  per  second  will  be  equal  to  5,000  -^  10,  or  500  foot- 
pounds per  second.  Now,  since  1  horsepower  is  550  foot-pounds 
per  second,  the  horsepower  in  this  particular  case  will  be  equal  to 
500 -T- 550  or  10/11  horsepower. 

The  work  done  in  raising  the  1,200  gallons  of  water  a  vertical 
height  of  100  feet  was  found  to  be  equal  to  1,000,000  foot-pounds. 
Now,  if  this  operation  is  to  be  performed  in  1  hour,  the  rate  of 
doing  work  per  minute  will  be  equal  to  the  total  work  done  divided 
by  the  time  in  minutes,  or  1,000,000  -;-  60,  which  is  equal  to  16,666.6 
foot-pounds  per  minute.  The  power  the  pump  is  developing  in  order 
to  raise  this  quantity  of  water  will  be  equal  to  16,666.6  -i-  33,000, 
or  .505  +  horsepower.  This  is  the  power  actually  required  to  lift 
the  water  and  does  not  take  into  account  any  power  lost  in  the 
resistance  of  the  pipe  due  to  bends,  etc.  The  power  required  to 
drive  the  pump  will  be  greater  than  the  power  the  pump  develops, 
as  part  of  the  power  is  lost  within  the  pump  itself ;  hence,  the  horse- 
power of  an  electric  motor  which  may  be  used  in  operating  this 
pump  must  be  quite  a  bit  greater  than  .505  horsepower. 

Let  us  suppose  that  this  quantity  of  water  is  to  be  raised  in  2 
minutes  instead  of  1  hour,  what  horsepower  will  be  required!     Be- 
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member  the  work  done  ■will  be  eiactly  the  same  but  the  power  must 
be  greater  as  the  same  work  is  to  be  done  in  a  less  time  in  thia  case 
than  in  the  previous  oaae.  The  rate  of  doing  work  in  this  ease  is 
equal  to  1,000,000  -^  2,  or  500,000  foot-pounds  per  minute.  This 
rate  of  doing  work  divided  by  33,000  gives  the  horsepower,  which 
will  be  equal  to  15.15  horsepower.  It  is  obvious  that  the  viilue  of 
the  horsepower  required  to  perform  a  certain  operation  will  increase 
as  the  time  of  doing  the  work  decreases. 

The  work  done  in  raising  a  car  weighing  5,000  pounds  a  vertical 
height  of  50  feet  we  found  to  be  equal  to  250,000  foot-pounds.     If 


tl  3  operat  on  s  to  I  e  perforn  ed  "  n  nutes  the  rate  of  lo  ng 
wo  k  11  be  equal  to  "jO  OC  ~  "  o  1  j  000  foot  pounds  per  n  nute 
Tie  horsepower  req  Irel  ¥  11  be  equal  to  1  5  000  —  33  000  or  178 
ho  sepower  Th  s  a  the  hor  epower  actually  requ  red  to  ra  se  the 
car  and  doen  not  take  nto  a  co  nt  anv  power  required  to  take 
care  of  the  frict  on  of  the  elevat  ng  device  If  the  car  were  to  be 
ra  sed  in  30  seconls  or  ^  m  nute  the  rate  of  do  ng  work  wo  11  be 
equal  to  I'oO  0  —  i^  or  ''oO  000  footpounds  per  m  nute  The 
horsepower  n  th  s  case  then  te  equal  to  "jO  000  -J-  33  000  or  7  57 
horsepower 

The  work  none  in  draw  ng  the  d  sabled  car  along  the  street  we 
found  to  be  equal  to  10j6  0un  footiounds  when  the  pull  the 
tow  rope  was  100  pounls  anl  the  car  was  pullel  a  d  stance  of  2 
miles  Let  ui  suppose  th  a  operat  on  s  pertormed  m  15  m  nutes. 
The  rate  of  doing  work  will  be  equal  to  1056100-^15  or  0400 
foot  pounda  per  m  nute  The  horsepower  s  equal  to  0  4O0  —  33 
COO   or     13  horsepower 

Eleetr  pal  power  s  the  rate  of  lo  ng  electrical  work  that  is  t 
la  the  eleetr  cal  work  done  in  a  g  ven  t  me  divided  ly  the  t  me 
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When  the  rate  of  doing  electrical  work  is  equal  to  1  joule  per  second 
the  power  is  equal  to  one  watt. 

The  work  done  in  charging  a  certain  storage  battery  we  found 
to  be  equal  to  100,800  joules.  The  time  required  to  do  this  amount 
of  work  in  this  particular  case  was  1  hour,  or  3,600  seconds;  hence 
the  rate  of  doing  work  was  100,800  ~r-  3,600,  or  28  watts. 

The  work  done  in  operating  a  certain  starting  motor  we  found  to 
be  equal  to  126,000  joules.  The  time  required  to  do  this  amount 
of  work  was  2  minutes  or  120  seconds  and  the  power  is  equal  to 
126,000  -T-  120,  or  1,050  watts. 

The  power  in  any  part  of  an  electrical  circuit  may  be  determined 
by  a  more  direct  method  than  the  one  given  above  and  this  method 
may  be  developed  as  follows:  In  determining  the  work  done  we 
multiplied  the  current  by  the  time  in  seconds  in  order  to  obtain 
the  quantity  of  electricity  passing  through  the  circuit  and  this 
result  was  then  multiplied  by  the  value  of  the  difference  in  electrical 
pressure  or  electrical  level  through  which  this  quantity  of  elec- 
tricity moved.  This  result  may  all  be  condensed  to  the  following 
simple  statement: 

Electrical    work    in    joules  =  current   in    amperes 
multiplied    by    time    in    seconds    multiplied    by 
difference      in      electrical      pressure      in      volts 
joules  =  amperes  X  seconds  X  volts 

The  electrical  power  is  equal  to  the  electrical  work  divided  by  the 
time  in  seconds  required  to  do  the  work.  Hence,  if  the  above 
expression  for  electrical  work  be  divided  by  the  time  in  seconds,  we 
have  the  value  of  the  power  equal  to  the  current  in  amperes,  times 
the  difference  in  electrical  pressure  in  volts,  or 

Watts  =  amperes  X  volts 
The  power  required  to  charge  the  storage  battery  referred  to  above, 
then  is  equal  to  4  X  7,  or  28  watts.     Likewise  the  power  required 
to  operate  the  motor  is  equal  to  150  X  7,  or  1,050  watts. 

Measurement  of  Electrical  Power 

The  power  in  an  electrical  circuit  or  any  part  of  the  circuit  at 
any  instant  is  equal  to  the  product  of  the  current  in  the  circuit 
and  the  electrical  pressure  acting  on  the  entire  circuit  or  the  part 
of  the  circuit  in  which  it  is  desired  to  determine  the  power.  For 
example,  the  current  taken  by  a  motor  may  be  determined  by  con- 
necting an  ammeter  in  series  with  the  motor  as  shown  in  Fig.  39, 
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and  the  electrical  pressure  between  the  terminals  of  the  motor 
may  be  determined  by  means  of  a  voltmeter  connected  directly  to 
the  terminals.  The  product  of  the  current,  as  indicated  by  the 
ammeter,  and  the  pressure,  aa  indicated  by  the  voltmeter,  will  give 
the  power  taken  by  the  motor. 

The  above  method  of  measuring  power  in  known  as  the  voltmeter- 
ammeter  method  and  it  gives  tlie  yalue  of  the  power  when  the 
circuit  is  carrying  a  direct  current  but  does  not  necessarily  do  so 
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when  the  circuit  is  carrying  an  alternating  current  as  will  be  ex- 
plained  in  the  section  dealing  with   the  "Alternating-Current  Cir- 

Tho  power  in  a  circuit  carrying  either  direct  or  alternating  cur- 
rent may  be  measured  directly  by  means  of  an  instrument  called 
the  wattmeter.  The  construction  of  this  instrument  is  such  that  it 
combines  the  ammeter  and  voltmeter  in  one  instrument  and  the 
indication  of  the  power  is  direct  without  having  to  multiply  current 
and  voltage.  The  general  scheme  of  connections  of  the  watt- 
meter is  shown  in  Fig.  40,  in  which  the  terminals  Ai  and  Aa  cor- 
respond to  the.  ammeter  connections  and  the  terminals  Vi  and  Va 
correspond  to  the  voltmeter  connections. 
Relation  Between  Mechanical  and  Electrical  Power 

The  relation  between  the  electrical  power  in  watts  and  the  me- 
chanical horsepower  has  been  determiniid  eiperimen tally  and  the 
results  show  that  there  are  746  watts  in  1  horsepower.  For  example, 
if  a  generator  is  delivering  a  current  of  IS  aniperes  at  a  pressure 
of  7  volts,  the  power  in  watts  Will  be  equal  to  the  product  of  the 
current  in  amperes  and  the  pressure  in  volts,  or 

Power  in  watts  =  15  X  7  =  105  watts 
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Tlie  power  in  horsepower  will  be  equal  to  the  power  in  watts  -s-  746, 
or 

Horsepower  =  105  -4-  746  ^  .14   horsepower   or   about    1/7 
The  maximum  current  that  a  certain  storage  battery  can  safely 
deliver  is  70  amperes  and  when  this  current  is  being  taken  from 
the  battery  the  pressure  between  its  terminals  is  7  volts.    What  is 
the  power  output  of  the  battery  in  watts  and  horsepower! 

Power    in    watts  =  70  X  75  =  525 
Horsepower  =  525  -i-  746  =  .703 

A  generator  delivers  a  maximum  current  of  20  amperes  at  a 
pressure  of  12  volts  and  it  has  an  efficiency  of  80  per  cent  for  this 
particular  load.  What  horsepower  will  be  required  to  operate  this 
generator  f 

The  output  of  the  generator  =  20  X  12  =  240  watts. 

The  statement  that  the  generator  has  an  efficiency  of  60  per  cent 
means  that  60/100,  or  3/5  of  the  power  required  to  drive  the  genera- 
tor, is  in  turn  delivered  by  the  generator  to  the  circuit  in  which 
it  is  connected.  The  power  delivered  by  the  generator,  or  240  watts, 
represents  3/5  of  the  power  required  to  operate  the  generator.  One- 
fifth  of  the  power  required  to  operate  the  generator  will  be  equal 
to  240  -5-3,  or  80  watts,  and  five  fifths,  or  the  entire  power  required 
to  operate  the  generator,  will  be  equal  to  5  X  80,  or  400  watts. 
This  power  in  watts  divided  by  746  gives  the  horsepower  required 
to  operate  the  generator,  or 

Horsepower  =  400  ■+■  746  =  .53  horsepower 

Since  power  is  the  rate  of  doing  work,  or  the  rate  of  the  expendi- 
ture ,of  energy,  that  is,  it  is  equal  to  work  done  or  the  energy 
expended  divided  by  the  time,  we  can  say  that  the  energy  is  equal 
to  the  power  multiplied  by  the  time.  There  are  a  large  number 
of  different  units  for  work  or  energy  and  some  of  the  more  common 
ones  are  as  follows: 

1   horsepower   acting   for   1   hour  is  called  a  horsepower-hour 

1  watt  acting  for  1  second  is  called  a  watt-second 

1,000  watts,  or  1  kilowatt,  acting  for  1  hour  is  called  a  kilowatt-hour. 

For  example,  if  a  generator  requires  10  horsepower  to  operate  it, 
what  energy  will  be  required  to  operate  the  generator  for  5  hours. 
The  energy  in  horsepower-hours  will  be  equal  to  the  product  of  the 
power  in  horsepower  and  the  time  in  hours  which  is  equal  to  10 
times  5,  or  50  horsepower-hours. 

If  a  starting  motor  takes  a  current  of  100  amperes  at  a  pressure 
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of  6  volts,  nbat  energy  iu  kilowatt-hours  will  be  required  to  operate 
tlie  motor  for  2  boursf    The  power  will  be  equal  to 
100  X  6  =  600  watta, 
and  the  energy  will  be  equal  to  600  X  3  =  1,200  watt-hours. 
One  kilowatt-hoar  is  equal  to  1,000  watt-hours,  ho  to  change  a 
gifen    number    of   watt-bourB   to    kilowatt -hours,   divide   by    1,000. 
Then  1,200  watt-hours  ia  equal  to 

1,200  -i-  1,000  =  1.2  kilowatt-honra. 


Pig.  41 — Two  typical  /orms  of  leatt-hour  melera 

Measurement  of  Electrical  Energy 

The  eleetripal  energy  required  to  operate  motors,  lamps,  heaters, 
etc.,  may  be  determined  by  multiplying  the  power  by  the  time, 
provided  the  power  remains  constant  thioughout  the  entire  time. 
This  method  of  determining  the  value  o(  the  energy  cannot  be 
used,  however,  when  the  power  in  the  circuit  is  fluctuating  in  value 
ftB  iu  the  case  of  a  motor  which  is  driving  a  variable  load,  such  as 
would  be  found  in  the  ordinary  machine  shop  or  in  an  electric  car. 
The  energy  in  such  a  case  can  be  determined  by  means  of  a  watt- 
hour  meter  whose  dial  reading  is  proportional  to  the  energy  that 
passes  through  the  circuit  in  which  the  meter  is  connected.    Watt- 
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hour  metere  are  used  hj  the  electrical  power  companieB  in  measur- 
ing energy  supplied  to  tbeir  customers  and  the  difference  in  the 
readings  on  tlie  dials  of  these  meters  at  certain  intervals  repre- 
sents the  energy  used  during  the  period  between  the  times  nhen  tbe 
meter  dials  were  read.  Watt-bour  meters  are  of  numerous  forms 
but  the;  all  measure  energy.  Remember  that  you  do  not  buy  elee- 
trieal  power,  but  electrical  energy,  and  you  usually  pay  a  certain 
amount  per  kilowatt- hour. 

Two  typical  forms  of  natt-bour  meters  are  shown  in  Fig.  il. 

How  to  DetemuDe  the  Coit  of  Charging  Storage 
Batteriet 

Let  us  assume  that  a  6-Tolt  storage  battery  is  to  be  charged  at 
the  rate  of  5  amperes  for  15  hours  from  a  115-Tolt  circuit  and  that 
the  average  voltage  of  the  battery  during  the  charging  operation  is 
7.0  volts.  What  will  it  cost  to  charge  the  battery  if  you  have  to 
pay  10  cents  a  kilowatt-hour  for  energy  T 

I       115  VOLTS 
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ra  Khcn  charg- 


It  will  be  necessary  to  place  a  bank  of  lamps  or  other  r 
in  series  with  the  battery,  as  shown  in  Fig.  42,  in  order  to  prevent 
an  excessive  current  flowing.  Tlie  pressure  acting  on  tbe  resistance 
placed  in  series  with  the  battery  will  be  equal  to  the  difference 
between  the  total  pressure  and  the  average  pressure  of  tbe  battery 
which  is  equal  to  115  minus  7,  or  108  volts.  This  pressure  of  108 
volts  is  to  produce  the  current  of  5  amperes  through  the  series 
resistance;  licnce,  the  value  of  the  resistance  will  be  equal  to 
108  -f-  5  =  21.6  ohnas. 
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In  charging  the  battery,  a  large  part  of  the  total  energy  drawn 
Irom  the  circuit  will  be  transformed  into  heat  energy  in  the  charg- 
iig  resistance  and  lost  so  far  as  the  battery  itself  is  concerned, 
"Rie  cost  of  all  the  energy  drawn  from  the  circuit,  however,  will 
have  to  be  charged  against  the  battery.  The  power  in  the  charging 
ciicuit  will  be  equal  to  115  X  5  =  575  watts. 

The  energy  input  to  the  battery  circuit  during  the  15  hours  will 
be  equal  to  the  product  of  the  power  in  watts  an  J  the  time  in  hours 
which  is  equal  to  575  X  15,  or  8,625  watt-hours. 

Dividing  the  value  of  the  energy  in  watt-hours  by  1,000  gives 
S.625  kilowatt-hours. 

The  cost  of  the  energy  will  be  equal  to  8.625  X  $.10  =  $.86.  It 
is  readily  seen  that  the  cost  of  charging  a  battery  in  the  manner 
indicated  above  is  almost  prohibitive  and  it  is  due  to  the  simple 
faiet  tiiat  such  a  large  part  of  the  total  energy  drawn  from  the 
charging  circuit  is  used  in  the  series  resistance  that  had  to  be 
inserted  in  the  circuit.  Methods  of  calculating  the  number  and 
arrangement  of  lamp  to  use  as  resistance  for  battery  charging  will 
be  given  later. 

If  a  number  of  batteries  be  connected  in  series  and  all  be 
charged  at  the  same  time,  the  loss  in  the  series  resistance  will  be 
greatly  reduced  and  the  cost  of  the  energy  for  each  battery  will 
be  less  than  in  the  case  of  a  single  battery  being  charged  alone. 

For  example,  suppose  fifteen  6-volt  batteries  be  connected  in 
series  and  charged  at  a  6-ampere  rate  for  15  hours  from  a  115- 
volt  circuit  and  that  the  average  voltage  of  each  battery  during  the 
charging  operation  is  7.0  volts.  "What  will  it  cost  per  battery  if 
you  have  to  pay  10  cents  per  kilowatt-hour  for  energy? 

The  total  voltage  over  the  fifteen  batteries  in  series  will  be  equal 
to  15  X  7  =  105  volts, 

and  the  pressure  acting  on  the  resistance  placed  in  series  with 
the  battery  will  be  equal  to  115  —  105  =^  10  volts. 

This  pressure  of  10  volts  is  to  produce  a  current  of  5  amperes, 
hence  the  value  of  the  resistance  of  the  series  resistance  will  be 
equal  to  10  -f-  6  =  2  ohms. 

The  loss  in  this  2-ohm  resistance  will  be  less  than  1/10  of  the 
loss  in  the  21.6-ohm  resistance,  assuming  they  both  carry  the  same 
current. 

The  total  energy  drawn  from  the  circuit  will  be  the  same  in  this 
case  as  it  was  in  the  previous  case,  since  the  value  of  the  current, 
the  pressure  and  the  time  are  each  the  same.     The  cost  of  the 
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energy  id  thig  ease,  however,  is  not  charged  up  to  a.  single  battery 
but  to  fifteen,  irhich  greatly  reduces  tlie  cost  of  charging  a  single 
battery  na  compared  to  the  case  when  a  siagle  battery  was  charged 
at  a  time.  lu  this  case  tha  cost  per  batterj  will  be  equal  to  .8ff 
divided  b;  IS,  or  .057  dollars,  or  5.7  cents. 

Torque 

The  torque  of  an  engine,  electric  motor,  etc.,  is  the  tendency 
for  the  shaft  of  the  engine,  electric  motor,  et*.,  to  turn.  For 
example,   if  a  lever  be  clamped  to  the  shaft  of  a  motor  and   a 


taring  balance  attached  to  the  outer  end  of  the  lever,  aa  indicated 
in  Fig.  43,  the  torque  may  be  measured  by  noting  the  pull  in 
pounds  on  the  spring  balance  and  then  multiplying  this  reading 
by  the  distance  from  the  center  of  the  shaft  of  the  motor  to  the 
point  where  the  spring  balance  ia  attached. 

Suppose  the  conditions  are  such  that  the  net  reading  of  the 
spring  balance  is  10  pounds  and  that  the  length  I,  in  Fig.  43  is  ,1,^' 
foot.  Then  the  torque  is  equal  to  10  X 1%,  =  5  pound-feet  The 
unit  in  which  torque  is  measured  iB  called  tlie  pound-foot. 
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The  torque  of  a  revolving  shaft  may  1»  measured  by  means  of  a 
device  called  the  prony  htake,  Fig.  43  illuBtrating  one  of  the 
timpleat  forma,  though  it  usually  is  made  to  fit  a  puUey  or  fly- 
vheel  instead  of  the  shaft  itself. 

It  is  interesting  to  cote  that  the  torque  is  independent  of  the 
vilue  of  the  length  L  for  if  this  length  be  iacreasted  or  decreased 
there  will  be  a  corresponding  decrease  or  increase  in  the  vaJue  of 
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the  net  scale  reading,  all  other  conditions  remaining  constant.  Fo> 
example,  if  you  were  holding  on  to  the  end  of  the  arm  L  you  would 
have  to  eiert  a  greater  force  with  a  short  arm  than  with  a  long 
arm  in  order  to  prevent  the  arm  turning  around,  but  the  product 
of  the  force  and  the  length  of  the  arm  would  remain  constant  so 
long  as  the  turning  effort  of  the  shaft  remained  constant. 

Suppose  the  prony  brake  is  replaced  by  a  rope  as  shown  in  Fig. 
14  and  that  there  is  a  spring  balance  attached  to  each  end  of  the 
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rope.  Tlie  torque  in  this  case  is  equal  to  the  product  of  the  radius 
of  the  pulley  in  feet  and  the  difference  in  the  readings  of  the 
two  spring  balances.  The  rope  may  be  placed  over  the  top  of  the 
pulley  and  weights  W^  and  W2  used  instead  of  the  spring  balances 
as  shown  in  Fig.  45,  and  the  torque  in  this  case  is  equal  to  the 
product  of  the  radius  of  the  pulley  in  feet  and  the  difference  in  the 
readings  of  the  two  spring  balances. 

In  Figs.  44  and  45,  there  is  a  force  acting  at  the  surface  of  the 
pulley  which  is  equal  to  the  difference  in  the  readings  of  the 
spring  balances  or  the  difference  in  the  two  weights  in  pounds. 
This  force  acts  through  a  distance  in  1  minute  equal  to  the  distance 
a  point  on  the  surface  of  the  pulley  travels  in  1  minute.  If  the 
radius  of  the  pulley  in  feet  be  represented  by  L  then  a  point  on  the 
surface  of  the  pulley  will  travel  around  the  circumference;  that  is^ 
2  X  3.1416L  or  6,2832  X  L  feet  in  each  revolution.  Now  if  the 
number  of  revolutions  per  minute  be  represented  by  r.p.m.,  the 
distance  the  point  on  the  surface  of  the  pulley  travels  in  1  minute 
will  be  equal  to  6.2832  X  L  X  r.p.m. 

This  distance,  multiplied  by  the  force,  which  we  will  represent 
by  W,  will  give  the  work  done  in  one  minute,  or 

work  per  minute  =  6.2832  X  L  X  r.p.m.  X  W 
(The  work  done  per  minute  divided  by  33,000  will  give  the  horse- 
power, or 

6.2832  X  R  X  W  X  r.p.m. 

horsepower  = 

33,000 

In  the  above  expression  R  X  W  represents  the  value  of  the  torque, 

hence  the  equation  for  horsepower  may  be  written  as  follows: 

6.2832  X  T  X  r.p.m. 
horsepower  = 3^^^ 

in  which  T  represents  the  torque  in  pound-feet  and  r.p.m.  represents 
the  revolutions  per  minute. 

Determining  Torque  Starting  Motor  Must  Develop 

Since  the  value  of  the  torque  is  independent  of  the  lever  arm, 
it  makes  no  difference  whether  the  torque  be  measured  as  indicated 
in  Figs.  44  and  45  or  by  means  of  the  prony  brake. 

The  torque  required  to  turn  a  gasoline  engine  over  at  a  given 
speed  may  be  determined  in  the  following  manner:  If  a  wii^  be 
wound  around  the  flywheel  with  one  end  of  the  wire  fastened  to 
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the  nbeol  and  the  outer  or  free  end  attached  V>  b.  faring  balancf 
and  a  pull  then  produced  on  the  ring  of  the  balance  ample  to  turn 
the  engirt  over  at  the  desired  speed,  the  torqus  required  will  be 
equal  to  the  pull  in  pounds  on  tho  wire  multiplied  bj  the  radius 
of  tho  pulley  in  feet.  The  arrangement  of  this  test  is  ghown  in 
Pig.  46. 

Tba  starting  motor  must  be  capable  of  producing  the  same  force 
at  the  surface  of  ita  pulle;  or  gear  when  connected  as  shown  in 
Pig.  46  as  ia  required  at  the  surface  of  the  flywheel  to  turn  the 
engine  over.  The  torque  of  the  motor,  however,  will  be  much  less 
than  the  torque  required  to  drive  the  engine,  because  the  radius 
of  the  pullej  or  gear  on  the  motor  is  muoh  less  than  the  radius  of 


Fig.    46 — DetennitUng    torque    nece»aarg    to    revolve    engine    at 
definite  rpeed 

the  flywheel.  The  speod  of  the  motor  will  be  as  many  times  greater 
than  the  speed  of  the  engine  flywheel  as  the  radius  of  the  flywheel 
is  timee  the  radius  of  the  pulley  on  the  motor.  Neglecting  loseea, 
the  output  of  the  motor  in  horsepower  will  be  equal  to  the  input  to 
the  engine  in  horsepower,  because  the  product  of  the  speed  and  the 
torque  in  the  two  cases  will  be  the  same. 


CHAPTER  VI 

Primary  Batteries 

Voltage  Cell 

IF  two  pieces  of  unlike  metals  be  immersed  in  a  solution,  which  is 
capable  of  acting  upon  one  of  them  more  than  upon  the  other, 
there  will  be  an  electrical  pressure  set  up  between  them.  This  elec- 
trical pressure  will  produce  a  current  of  electricity  between  the  two 
pieces  of  metal  when  they  are  connected  by  a  wire  which  passes  from 
one  piece  to  the  other  outside  the  solution.  Such  a  combination  of 
plates  and  solution  constitutes  what  is  called  a  voltaic  cell  as  it  was 
first  discovered  by  an  Italian  physicist,  Volta,  and  was  named  after 
him.  It  is,  however,  sometimes  called  a  galvanic  cell,  after  Galvani, 
who  was  Volta 's  contemporary. 

Two  pieces  of  metal,  such  as  copper  and  zinc,  immersed  in  a  solu- 
tion called  the  electrolyte  of  dilute  sulphuric  acid,  as  shown  in 
Fig.  47,  forms  a  simple  voltaic  cell.  This  cell  is  capable  of  produc- 
ing a  continuous  flow  of  electricity  through  a  wire  whose  ends  are 
connected  to  the  zinc  and  copper  strips.  When  the  electricity  flows, 
the  zinc  is  wasted  away,  its  consumption  furnishing  the  energy  re- 
quired to  drive  the  electricity  through  the  circuit  composed  of  the 
solution,  the  two  plates  and  the  outside  electrical  connection  between 
the  plates.  The  cell,  for  convenience,  might  be  thought  of  as  a 
chemical  furnace  in  which  the  fuel  is  zinc. 

The  strip  of  metal  from  which  the  electricity  flows  as  it  passes 
through  the  portion  of  the  circuit  outside  the  cell  is  called  the 
liositive  pole  or  positive  terminal  of  the  cell;  while  the  plate  toward 
which  the  electricity  flows  in  passing  through  the  portion  of  the  cir- 
cuit outside  of  the  battery  is  called  the  negative  pole  or  negative 
terminal  of  the  battery.  In  the  above  case,  the  copper  will  be  the 
positive  terminal  and  the  zinc  will  be  the  negative  terminal.  The 
positive  and  negative  terminals  of  a  cell  are  usually  designated  by  • 
the  plus  (  +  )  and  negative  ( — )  signs,  respectively. 
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Primary  and  Secondary  CeUs 

If  a  cell  is  capable  of  producing  an  electrical  current  in  a  circuit 
directly  from  the  consumption  in  it  of  some  substance,  such  as  zinc, 
it  is  called  a  primary  cell.  If,  however,  a  current  of  electricity  must 
first  be  sent  through  the  cell  to  bring  it  into  such  a  condition  that 
it  is  capable  of  producing  a  current  it  is  called  a  secondary,  or  stor- 
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Fig8,  3^1  and  48 — Simple  voltaic  cell  mtide  of  copper,  zinc  and 
sulphuric  acid.  Fig,  JfS,  at  the  right,  shoics  the  chemical  action 
in  the  cell 


age  cell.  The  fundamental  distinction,  then,  between  a  primary  and 
a  secondary,  or  storage,  cell  is  that,  with  the  latter  type  the  chemical 
changes  are  reversible,  while  with  the  former  type  this  is  not  prac- 
tical, even  when  possible. 

Action  of  a  Primary  Cell 

The  action  taking  place  in  the  primary  and  secondary  cells,  when 
they  are  delivering  a  current,  is  practically  the  same  but  the  action 
in  the  primary  battery  is  perhaps  a  little  easier  followed  and  it  will 
be  given  in  detail.    The  cell  shown  in  Fig.  48,  which  is  composed  of  a 
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piece  of  zinc  and  a  piece  of  copper  immersed  in  a  solution  of  dilute 
sulphic  acid,  is  a  good  example  of  a  primary  cell.  Cu  is  the  chemical 
symbol  for  copper  and  Zn  for  zinc.  Water  is  composed  of  two  parts 
of  hydrogen,  whose  chemical  symbol  is  H,  and  one  part  of  oxygen, 
whose  chemical  symbol  is  O,  and,  accordingly,  water  is  represented 
chemically  by  the  symbol  H2O. 

Sulphuric  acid  is  composed  of  two  parts  of  hydrogen ;  one  part  of 
sulphur,  whose  chemical  symbol  is  S;  and  four  parts  of  oxygen.  Ac- 
cordingly it  is  represented  chemically  by  the  symbol  H2SO4. 

The  sulphuric  acid  acts  chemically  upon  the  zinc,  the  acid  is 
broken  up  into  two  parts,  Hg  and  SO4.  At  the  same  time  the  chem- 
ical action  is  taking  place  in  the  cell,  there  is  a  certain  amount  of 
electrical  activity  present.  In  this  particular  case,  the  two  parts'  of 
the  acid,  H2  and  SO4,  are  charged  with  positive  and  negative  elec- 
tricity respectively  when  they  are  separated.  The  SO4  part  possesses 
a  negative  charge  and  hangs  on  to  the  zinc  plate,  giving  to  the  zinc 
plate  a  negative  charge  and  at  the  same  time  combining  with  a  part 
of  the  zinc,  Zu. 

You  can  think  of  the  zinc  which  combines  with  the  SO4  part  of 
the  sulphuric  acid  as  taking  the  place  of  the  H,  part  of  the  acid  and 
making  a  new  compound  called  zinc  sulphate  and  represented  chem- 
ically by  the  symbol  ZnSOi.  This  zinc  sulphate  is  dissolved  by  the 
water  in  the  cell  just  as  sugar  is  dissolved  when  it  is  placed  in 
water.  The  result  of  the  action  at  the  negative  or  zinc  plate  is  a 
wasting  away  of  the  plate  itself,  the  formation  of  zinc  sulphate,  and 
the  production  of  a  negative  charge  on  the  zinc  plate. 

The  H2  part  of  the  acid  possesses  a  positive  charge  and,  instead 
of  hanging  on  to  the  zinc  plate,  as  in  the  case  of  the  SO4  part  of  the 
acid,  it  passes  over  to  the  copper  plate  where  it  gives  up  its  positive 
charge  and  then  rises  to  the  surface  of  the  liquid  and  goes  off  into 
the  atmosphere.  As  a  result  of  this  action,  the  positive  or  copper 
plate  becomes  positively  charged. 

The  entire  chemical  action  within  the  cell  is  represented  by  the 
diagram  given  in  Fig.  48.  The  acid  is  broken  up  into  two  parts,  H, 
and  SO4.  The  Hj  part  has  a  positive  charge  of  electricity  and  travels 
in  the  direction  of  the  current,  and  the  SO4  has  a  negative  charge  of 
electricity  and  it  passes  in  the  opposite  direction  to  the  current.  The 
fact  that  the  charges  of  electricity  on  the  two  plates  are  of  oppo- 
site sign  causes  a  difference  in  electrical  pressure  to  exist  between  the 
two  plates.  This  difference  in  electrical  pressure  will  produce  a  cur- 
rent in  a  conductor  connecting  the  two  plates  and  the  chemical  ae- 
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tion  within  the  cell  will  continue  to  go  on.  The  energy  of  the  chem^ 
ical  action  within  the  cell  is  transformed  into  the  electrical  energy 
of  the  electricity  flowing  in  the  circuit. 

If  there  is  no  electrical  connection  between  the  copper  and  zinc 
plate,  outside  the  cell,  the  chemical  action  will  go  on  until  the  two 
plates  are  charged,  and  it  then  stops. 

The  action  of  all  primary  cells  is  similar  to  the  one  just  described. 
That  is,  the  electrolyte  is  always  broken  up  into  two  oppositely 
charged  parts,  and  these  two  parts  give  up  their  charges  to  the  two 
plates.  The  diflference  in  electrical  pressure  between  the  two  plates 
depends  upon  the  kind  of  plates  and  the  composition  of  the  electro^ 
lyte,  and  is  independent  of  the  size  of  the  plates  or  the  volume  of  the 
electrolyte. 

Polarization 

The  hydrogen  gas  is  likely  to  cling  to  the  positive  plate  after  it  has 
given  up  its  charge  and  form  a  layer  of  hydrogen  gas  over  the  sur- 
face of  the  plate.  This  accumulation  of  hydrogen  gas  in  the  positive 
plate  is  called  polarization.  The  hydrogen  gas  is  a  very  poor  conduc- 
tor of  electricity  and,  as  a  result,  the  resistance  offered*  by  the  cell 
itself  to  the  flow  of  electricity  through  it,  which  is  called  the  in- 
ternal resistance  of  the  cell,  is  increased  and  a  larger  part  of  the  elec- 
trical pressure  between  the  plates  is  used  within  the  cell  in  order  to 
force  the  electricity  through  the  higher  resistance.  As  a  result,  there 
is  a  decrease  in  the  pressure  available  outside  the  cell  to  force  the 
electricity  through  the  outside  circuit. 

There  is  an  electrical  pressure  set  up  between  the  film  of  hydrogen 
gas  and  the  copper  plate  whose  direction  is  opposite  the  electrical 
pressure  between  the  zinc  plate  and  the  copper  plate  and  as  a  result 
the  net  electrical  pressure  of  the  cell  is  decreased. 

Depolarization 

In  order  that  a  cell  may  operate  satisfactorily,  it  is  desirable  that 
the  hydrogen  gas  be  removed  in  some  manner  from  the  positive  plate, 
and  this  process  is  called  depolarization,  I'here  are  various  methods 
employed  to  depolarize  a  cell  and  these  methods  give  rise  to  the  vari- 
ous forms  of  primary  cells. 

One  of  the  most  common  methods  is  to  introduce  into  the  electro- 
lyte some  chemical,  called  a  depolarizer,  which  has  an  excess  of 
oxygen  in  it.  The  excess  oxygen  in  the  depolarizer  readily  combines 
with  the  hydrogen  on  the  positive  plate  and  forms  water,  whose 
chemical  symbol  is  HsO. 
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If  the  action  of  the  depolarizer  is  rapid,  which  results  in  the 
hydrogen  gas  being  removed  as  fast  as  it  tends  to  accumulate  on  the 
positive  plate,  there  will  be  no  decrease  in  the  pressure  between  the 
two  plates  of  the  cell  even  though  it  be  operated  continuously.  A  cell 
of  this  kind  is  called  a  closed-circuit  cell. 

If  the  action  of  the  depolarizer  is  less  rapid  and  there  is  a  gradual 
accumulation  of  hydorgen  on  the  positive  plate  regardless  of  the 
action  of  the  depolarizer,  there  will  be  a  decrease  in  the  pressure  be- 
tween the  two  plates  of  the  cell  when  there  is  a  current  through  the 
cell,  and  as  a  result  the  cell  may  be  used  only  intermittently  in  order 
to  allow  the  oxygen  in  the  depolarizer  time  to  clear  the  hydrogen 
from  the  surface  of  the  positive  plate.  A  cell  of  this  kind  is  called 
an  open-circuit  cell.  The  ordinary  dry  cell  is  a  good  example  of  the 
open-circuit  type  of  cell,  and  it  is  a  well  known  fact  that  the  volt- 
age of  a  dry  cell  will  decrease  when  connected  to  a  circuit  continu- 
ously. 

If  a  closed-circuit  cell  be  allowed  to  stand  on  open  circuit,  that 
is  without  there  being  any  outside  electrical  connection  between  the 
plates,  the  depolarizer  in  the  majority  of  cases  ruins  the  cell  by 
causing  certain  chemical  changes  in  the  electrolyte.  It  is  essential 
that  the  different  types  of  ceUs  be  used  in  the  kind  of  a  circuit  for 
which  they  are  intended,  in  order  that  the  best  results  may  be  ob- 
tained from  the  cells. 

Local  Action 

In  addition  to  the  polarization  action  which  takes  place  at  the 
positive  plate,  there  is  an  action  taking  place  in  the  cell,  usually  at 
the  negative  plate,  called  local  action.  This  local  action  is  generally 
caused  by  some  impurity  in  the  material  forming  the  plate.  For  ex- 
ample, suppose  there  is  a  small  piece  of  carbon  imbedded  in  the  sur- 
face of  the  zinc  but  in  contact  with  the  electrolyte  of  dilute  sul- 
phuric acid.  It  is  readily  seen  that  a  small  voltaic  cell  is  formed 
when  the  piece  of  impure  zinc  alone  is  placed  in  the  electrolyte  as 
there  are  two  different  materials  immersed  in  a  solution  which  acts 
on  one  of  them  more  than  it  does  on  the  other.  The  acid  will  be 
broken  up  into  two  parts,  Hg  and  SO^,  with  positive  and  negative 
charges  respectively.  The  SO4  will  cling  to  the  zinc  and  give  up  its 
negative  charge,  and  a  part  of  the  zinc  will  combine  with  the  SO4 
to  form  zinc  sulphate,  ZnSOi.  The  hydrogen  goes  to  the  piece  of 
carbon  and  charges  it  positively,  instead  of  going  over  to  a  second 
or  positive  plate.    As  a  result  of  the  presence  of  the  impurity  in  the 
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zinc  a  small  cell  is  formed  and  the  zinc  is  consumed  but  there  is  not 
terminal  voltage  as  the  carbon  and  zinc  are  in  direct  contact  with 
each  other  and  a  short  circuit  is  formed. 

Electrochemical  Equivalent 

The  rate  at  which  the  negative  plate  of  a  voltaic  cell  is  consumed 
depends  upon  how  much  current  is  passing  through  the  battery.  If 
the  plate  is  pure,  there  will  be  no  chemical  action  when  there  is  no 
current  through  the  cell  and  hence  no  metal  will  be  consumed.  The 
rate  at  which  the  negative  plate  is  consumed  depends  upon  how  much 
chemical  energy  must  be  converted  into  electrical  energy  in  a  given 
time  just  as  the  rate  at  which  coal  is  consumed  in  the  fire  under  a 
boiler  depends  upon  how  much  heat  energy  must  be  transformed  into 
mechanical  energy  and  delivered  by  the  engine.  If  the  cell  supplies 
1  amperQ  for  1  hour,  there  is  a  definite  quantity  of  zinc  consumed,  and 
if  it  supplies  2  amperes  for  1  hour,  there  is  just  twice  the  quantity 
of  zinc  consumed.  If  a  current  of  electricity  be  sent  through  a  cell 
in  the  opposite  direction  to  that  in  which  is  tends  to  flow  due  to  the 
pressure  of  the  cell  itself,  there  will  be  a  reversed  chemical  action 
taking  place  in  the  cell  and  the  same  amount  of  zinc  will  be  recovered 
from  the  electrolyte  and  deposited  upon  the  zinc  plate  in  1  hour  by 
a  given  current  as  was  consumed  in  supplying  the  same  value  of  cur- 
rent for  1  hour.  The  rate  at  which  the  zinc  may  be  recovered  from 
the  electrolyte  and  deposited  on  the  zinc  plate  will  be  twice  as  great 
for  a  current  of  2  amperes  as  for  a  current  of  1  ampere ;  three  times 
as  great  for  a  current  of  3  amperes  as  for  a  current  of  1  ampere; 
etc.  This  last  operation  of  breaking  up  the  electrolyte  and  depositing 
the  metal  contained  in  the  electrolyte  is  called  electrolysis.  This  is 
the  principle  used  in  electroplating. 

The  quantity  of  any  metal  forming  the  negative  plate  of  a  cell 
which  is  consumed  in  1  hour,  when  the  cell  is  supplying  a  current  of 
1  ampere,  or  which  is  deposited  in  1  hour  when  a  current  of  1  ampere 
is  caused  to  flow  backward  through  the  cell,  is  called  the  eleotro' 
chemical  equivalent  of  the  substance. 

Damage  Due  to  Electrolysis 

Under  certain  conditions,  considerable  damage  may  occur  to  some 

part  of  an  electrical  circuit  due  to  electrolysis.  Por  example,  if  two 
pieces"  of  metal  which  form  a  part  of  an  electrical  circuit  are  making 
poor  contact  with  each  other  and  this  contact  is  moist,  there  will  be 
a  chemical  action  taking  place  at  the  contact  when  there  is  a  current 
in  the  circuit  which  results  in  the  metal  from  which  the  electricity 
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flows  being  wasted  away  and  carried  across  the  contact  and  deposited 
on  the  other  piece  of  metEtl. 

Polarity  Indicator 

The  positive  and  negative  terminals  of  a  direct-enrrent  circuit  can 
be  determined  by  dipping  the  term  in  als,  at  some  distance  apart,  into 
a  tumbler  of  water.  The  current  in  passing  through  the  water  de- 
compoacH  it  into  os:ygen  and  hydrogen,  the  oxygen  going  in  the  oppo- 
site direction  to  the  current  and  the  hydrogen  in  the  same  direction 


Fig.  i9 — To  tell  the  poslUve 
termiHal  from  the  negative  ter^ 
miual  oj  a  battery,  connect  a 
Kire  to  eath  pale  ond  dip  the 
ends  of  the  icire  1»  a  glas»  0/ 
Kttter.  The  current  decoin- 
potes  the  water  Into  hydrogen 
and  oxijgen,  the  hydrogen  com- 
ing off  the  negative  pole  and 
the  oxygen  off  (fte  poHtlve  ter- 
minal. As  there  ie  tv:tce  M 
much  hydrogen  at  oxygen  tn 
iraler,ithe  terminal  giving  off 
most  babblea  ia  the  negative 


as  the  current.  The  volume  of  the  hydrogen  gas  resulting  from  tli' 
decomposition  of  the  water  will  be  approsimatelj  tivit'e  as  great  a  i 
the  volume  of  the  oxygen  gas,  and  hence,  there  will  be  more  bubbles 
collected  on  the  negative  terminal  than  on  the  positive  terminal,  a^ 
shown  in  Fig.  49. 

A  solution  of  iodide  of  potassium,  with  b.  little  starch  added,  is 
sometimes  sealed  in  a  short  piece  of  glass  tubing  and  terminals  pro- 
vided at  the  ends  by  which  contact  can  be  made  with  the  solution. 
When  a  current  is  produced  in  the  solution,  iodine  is  liberated  at  the 
positive  terminal  and  turns  the  starch  blue  around  this  terminal 

The  Ledanche  Cell 

The  Iieclanche  cell  is  a  good  example  of  au  open  type  of  wet  cell, 
and  its  operation  will  be  given  somewhat  in  detail  as  the  operation  of 
the  dry  cell  described  in  the  next  section  is  practically  the  same.  The 
first  forms  of  tliis  cell  consisted  of  a  carbon  rod  imbedded  in  a  mix- 
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ture  of  manganese  peroside,  and  trolien  carbon,  all  contained  i 
porous  cup.  This  cup  was  placed  in  an  electrolyte  of  a 
chloride  commonly  called  sal  ammoniac,  and  the  negative  terminal 
was  formed  from  a  piece  of  sheet  zinc  but  into  a  cylindrical  form  and 
surronndiug  the  porous  cup.  Tbe  construction  of  the  cell  is  shown 
in  Fig.  SO.    Tbe  manganese  peroxide  forms  the  depolarizer  and  tbe 


Figa.  50  and  51- 


only  object  of  the  porous  cup  was  to  hold  the  mixture  of  manganese 
peroxide  and  broken  carbon  around  tbe  positive  plate. 

In  the  more  modern  forms  of  this  celt,  the  porous  cup  has  been  dis- 
pensed with  and  a  mixture  of  carbon  and  manganese  peroxide  are 
moulded  together  with  a  suitable  binder. 

Dry  CeU 

The  modern  dry  cell,  so  extensively  nsed  at  the  present  time,  may 
be  looked  upon  as  a  slight  modification  of  the  Leclanche  cell.  The 
chief  difference  between  them  is  that  only  enough  water  is  added 
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to  the  material  forming  the  electrolyte  to  moisten  it  and  an  absorbent 
layer  of  starch  paste,  blotting  paper,  or  cloth  which  separates  the 
positive  and  negative  poles  of  the  cell.  The  negative  pole  is  a  hol- 
low zinc  cylinder  closed  at  one  end,  which  also  serves  as  a  container 
for  the  remainder  of  the  cell.  The  absorbent  layer  used  to  separate 
the  positive  and  negative  poles  is  saturated  with  a  solution  of  sal 
ammoniac  and  zinc  chloride  and  placed  next  to  the  zinc  on  the  in- 
side of  the  cylinder.  The  remaining  space  between  the  absorbent 
layer  and  the  carbon  rod  is  filled  almost  to  the  top  with  a  moist 
mixture  composed  chiefly  of  manganese  peroxide  and  granulated 
carbon.  The  manganese  peroxide  acts  as  the  depolarizer.  The  re- 
maining space  at  the  top  of  the  cup  is  usually  filled  with  a  pitch 
composition  which  seals  the  cell.  Terminals  are  provided  at  the 
upper  end  of  the  piece  of  carbon  and  also  at  the  upper  edge  of  the 
zinc  cup.  A  vertical  cross  section  of  a  modern  dry  cell  is  shown  in 
Fig.  51. 

The  internal  resistance  of  a  good  dry  cell  when  new  should  be  less 
than  .1  ohm  but  may  increase  to  several  times  this  value  within  6 
months  to  1  year  even  though  the  cell  may  not  be  in  use. 

The  electrical  pressure  produced  within  a  dry  cell,  called  its  elec- 
tromotive force,  should  be  in  the  neighborhood  of  1.5  to  1.6  volts 
when  the  cell  is  quite  new.  The  pressure  between  the  terminals  of 
the  cell,  called  its  terminal  voltage,  is  equal  to  the  electromotive  force 
of  the  cell  when  there  is  no  current  through  the  cell.  The  terminal 
voltage  drops  when  a  current  is  supplied  by  the  cell,  due  to  the  in- 
ternal resistance  and  polarization  of  the  cell.  In  the  majority  of  dry 
cells,  the  effect  of  the  counter  electromotive  force  due  to  polarization 
is  greater  than  the  effect  of  internal  resistance  and  the  average  ter- 
minal voltage  of  the  cell  during  its  useful  life  is  not  much  greater 
than  1  volt. 

About  ninety  per  cent  of  the  people  using  dry  cells  test  them  by 
measuring  the  current  they  will  supply  when  the  terminals  of  the 
cell  are  connected  directly  to  the  terminals  of  a  low  resistance  amme- 
ter. This  sort  of  a  test  does  not  take  into  account  such  factors  as 
the  temperature,  the  kind  of  service  for  which  the  cell  is  to  be  used, 
etc.,  and  as  a  result  is  not  altogether  reliable.  The  same  cell  will 
produce  a  different  current  through  ammeters  of  different  resistances 
due  to  there  being  a  different  resistance  in  circuit  in  the  two  cases. 
The  higher  current  being  produced  with  the  low-resistance  ammeter 
and   the  smaller   current  with   the  high -resistance   ammeter.     The 
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tnaximuin  current  output  can  be  obtained  when  the  resistance  outsido 
of  the  cell  is  equal  to  the  resistance  inside  of  the  cell. 

The  effect  of  temperature  on  the  current  a  cell  will  supply  when  con- 
nected directly  to  the  terminals  of  an  ammeter  is  quite  pronounced. 
There  ia  a  change  in  the  value  of  the  current  of  about  1  ampere  for 
each  10  degrees  centigrade  change  in  temperature  for  all  tempera- 
tures ranging  in  value  from  0  to  about  90  degrees. 

A  good  dry  cell  should  produce  a  current,  when  its  terminals  are 
connected  directly  to  an  ammeter,  of  from  16  to  25  amperes  with  an 
external  resistance  not  exceeding  .01  ohm.  A  cell  producing  a  cur- 
rent much  less  than  16  amperes  is  more  than  likely  composed  of  cheap 
materials  or  it  has  been  made  for  a  long  time.    If  the  cell  produces 


isiUie  plate  of  the  next 

a  current  much  in  excess  of  25  amperes  it  is  likely  to  polarize  rapidly 
and  as  a  result  its  terminal  voltage  will  decrease  faster  than  one 
which  produces  a  lower  current. 

The  amjiere-hour  capacity  of  a  dry  cell  ranges  in  value  from  5  to 
25  ampere-hours,  when  discharging  continuously  through  a  resistance 
of  15  ohms  until  the  terminal  voltage  drops  to  .5  volt,  depending 
upon  the  quality  of  materials  used,  the  age  of  the  cell,  the  tempera- 
ture of  the  cell,  etc.  The  ampere-hour  capacity  ot  a  dry  cell  is 
greater  when  it  is  called  upon  to  produce  a  small  current  than  when 
it  is  called  upon  to  produce  a  relatively  large  current.  Thus  a  cell 
producing  a  current  in  a  circuit  of  16  ohms  will  supply  a  larger  num- 
ber of  ampere-hours  than  it  nould  if  producing  a  current  in  a  4<ohm 
circuit. 

The  ampere-hour  capacity  of  a  battery  on  intermittent  service, 
such  as  in  ignition,  is  entirely  different  from  its  ampere-hour  capac- 
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ity  when  producing  &  current  continuously.  The  terminal  voltage  will 
decrease  more  rapidly  at  first  when  the  cell  is  producing  a  ".urrent 
Kontinuonaly  than  when  it  is  producing  a  current  intermittently,  but, 
after  the  cell  has  been  in  service  for  some  time,  the  terminal  voltage 
of  the  cell  producing  the  current  intermittently  will  decrease  faster 
than  the  terminal  voltage  of  the  cell  producing  the  current  con- 
tinuously. 

An  Electric  Battery 

If  a  uumbeT  of  cells  be  connected  in  series — the  negative  plat«  of 
one  cell  joined  to  the  positive  plat«  of  the  next  cell,  and'SO  on — an 
electrical  pressure  will  be  produced  between  the  positive  plate  at 
one  end  and  the  negative  plate  at  the  other  end  equal  in  value  to  the 
sum  of  the  pressures  produced  by  the  different  cells  connected  in 
aeries.    Three  dry  cells  are  shown  connected  in  series  in  Fig,  53. 

If  a  number  of  cells  be  connected  in  parallel — the  negative  plates 


Fig.  5S — Three  diy  eella  connected  i^  pataltel  or  multiple,  ttie 
negative  plates  of  all  joined  together  and  the  positive  plates  of 
all  Joiacd 

of  all  the  different  cells  connected  together  to  form  one  terminal 
and  the  positive  plates  of  all  different  cells  connected  together  to 
form  a  second  terminal — an  electrical  pressure  will  be  produced  be- 
tween the  positive  terminal  and  the  negative  terminal  equal  in  value 
to  the  pressure  produced  by  a  single  cell,  provided  the  different  cells 
are  each  producing  the  same  pressure.  Three  cells  are  shown  con. 
nected  in  parallel  in  Fig.  53. 

Any  series,  parallel,  or  a  combination  of  series  and  parallel  connec- 
tions of  cells  constitutes  a  battery. 
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It  is  customary  in  practice  to  represent  a  cell  by  means  of  two 
parallel  lines,  instead  of  drawing  a  picture  of  the  cell  each  time  you 
want  to  show  it  in  a  diagram.  In  Fig.  54,  a  battery  of  three  cells 
is  represented.  The  long  line  corresponds  to  the  plus  (  +  ),  or  posi- 
tive, terminal,  and  the  short  line  corresponds  to  the  minus  ( — ),  or 
negative,  terminal. 

Proper  Combination  of  Cells  for  Best  Results 

Suppose  that  a  piece  of  apparatus  having  a  resistance  of  16  ohms 
is  to  be  operated  from  dry  cells  and  that  the  vOltcige  must  not  be 
less  than  2  volts  at  any  time.  Two  cells  connected  in  series  will 
produce  the  desired  results  until  their  terminal  voltage  drops  to 
1  volt  per  cell.  If,  however,  four  cells  be  used  and  they  be  con- 
nected two  in  series  and  the  two  series  groups  in  parallel,  a  much 
long'^r  life  will  be  obtained  from  the  cells  than  when  only  two  cells 
are  used. 

In  the  first  case,  the  two  cells  are  each  carrying  the  total  current, 


h 


Fig.  54 — Usual  way  of  repre- 
senting a  battery  in  wiring  dia- 
grams. The  +  and  —  marks 
usually  omitted 


while  in  the  second  case,  each  cell  is  carrying  only  one-half  of  the 
total  current  as  there  are  two  groups  of  cells  in  parallel.  In  the  sec- 
ond case,  each  group  of  cells  might  be  thought  of  as  discharging 
through  a  resistance  of  32  ohms  rather  than  16  ohms  and  the  life 
will  be  more  than  twice  as  great  as  the  life  of  the  two  cells  when 
used  alone  or  discharging  through  a  resistance  of  16  ohms. 

When  a  number  of  cells  are  connected  in  parallel,  they  should  all 
produce  the  same  electrical  pressure  and  have  the  same  internal  re- 
sistance. If  the  electrical  pressure  in  one  path  of  the  parallel  cir- 
cuit is  greater  than  the  electrical  pressure  in  the  other  path  or  paths, 
then  there  will  be  a  current  through  the  path  of  higher  pressure  into 
the  path  or  paths  of  lower  pressure.  The  direction  of  this  current  Jn 
the  path  of  higher  pressure  wUl  correspond  to  the  direction  of  the 
pressure  in  that  path,  while  the  current  in  the  path  or  paths  of  lower 
pressure  will  be  in  the  opposite  direction  to  the  pressure  in  the  re- 
spective paths.     This  condition  of  affairs  results  in  the  cells  in  one 
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path  discharging  into  the  cells  in  some  other  path  or  paths  and  there 
is  a  chemical  action  taking  place,  which  is  detrimental  to  the  life 
of  the  cells,  even  though  there  be  no  current  supplied  to  the  device 
or  apparatus  the  cells  are  to  operate.  For  this  reason  it  is  always 
advisable  to  have  the  total  pressure  in  each  path  of  a  parallel  circuit, 
formed  by  connecting  a  number  of  cells,  the  same. 

li  the  resistance  of  one  path  of  a  parallel  circuit,  formed  by  con- 
necting a  number  of  cells  in  parallel,  is  greater  than  the  resistance  of 
the  other  path  or  paths,  then  a  greater  pressure  will  be  required  to 
produce  a  current  of  a  certain  value  in  this  circuit  than  will  be  re- 
quired to  produce  a  current  of  exactly  the  same  value  in  the  other 
circuits.  The  same  loss  or  drop  in  pressure  will  be  produced  by  a 
small  current  in  the  path  of  high  resistance  and  by  a  larger  cur- 
rent in  the  path  of  lower  resistance.  Assuming  the  total  pressures 
in  the  different  paths  are  equal,  and  since  the  pressure  between  the 
terminals  of  all  the  paths  will  be  the  same,  then  the  drop  or  loss  in 
pressure  in  each  path  will  be  the  same,  and  hence,  it  is  obvious  that 
the  current  in  each  path  cannot  be  of  the  same  value.  The  path 
of  higher  resistance  will  carry  a  smaller  current  than  the  path  or 
paths  of  lower  resistance.  In  order  that  cells  may  operate  satisfac- 
torily in  parallel,  it  is  desirable  that  the  total  internal  resistance  and 
the  resistance  of  the  connecting  leads  be  the  same  in  each  path. 


CHAPTER  Vn 

Storage  Batteries 

Distinction  Between  Primary  and  Storage  Batteries 

WHEN  the  negative  plate  of  a  primary  battery  is  nearly  con- 
sumed, it  is  customary  to  replace  it  with  a  new  plate;  or,  in 
the  case  of  the  dry  cell,  to  replace  the  entire  cell  by  a  new  cell. 
If  a  current  of  electricity  be  sent  thrcugh  the  cell  from  an  outside 
source  in  a  direction  opposite  to  the  direction  of  the  pressure  pro- 
duced by  the  cell  and  the  metal  in  the  electrolyte  deposited  back 
on  the  negative  plate,  instead  of  replacing  the  plate  or  the  entire 
cell,  the  cell  is  called  a  storage  battery.  When  a  current  as  passing 
through  a  storage  cell  in  the  direction  of  the  pressure;  that  is, 
from  the  negative  to  the  positive  plate  within  the  cell,  the  cell  is 
said  to  be  discharging;  and,  when  a  current  is  passing  through 
the  cell  in  the  opposite  direction  to  its  pressure;  that  is,  from  tho 
positive  to  the  negative  plate  within  the  cell,  the  cell  is  said  to 
be  charging. 

The  fundamental  principles  of  the  storage  battery  differ  in  no 
way  from  the  primary  cell;  that  is,  any  primary  cell  could  be  used 
as  a  storage  cell  and  have  its  negative  plate  restored  by  sending 
a  current  through  the  cell  in  the  opposite  direction  to  its  pressure, 
as  is  done  in  the  commercial  types  of  storage  cells.  The  ordinary 
primary  cell  cannot  have  its  negative  plate  restored  economically 
and  hence' it  is  commercially  more  efficient  either  to  replace  the 
negative  plate  by  a  new  one  or  to  replace  the  entire  cell  when  the 
negative  plate  has  nearly  wasted  away.  There  are,  however,  some 
certain  combinations  of  plates  and  electrolytes  which  may  be  used 
as  a  storage  cell  when  especially  constructed  for  the  purpose. 

You  must  get  this  fact  clearly  fixed  in  your  mind — a  storage 
cell  does  not  store  electricity ,  hut  it  stores  chemical  energy. 

During  the  process  of  charging  electrical  energy  is  transformed 
into  chemical  energy  and  stored  within  the  cell;  while  during  the 
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process  of  discharging,  chemical  energy  is  transformed  back  into 
electrical  energy.  Neither  of  these  transformations  is  made  with- 
out some  loss  which  prevents  as  much  energy  being  drawn  from 
the  cell  when  it  is  discharging  as  was  put  into  it  when  it  wa8 
charging. 

Types  of  Storage  Cells 

storage  cells  may  be  divided  into  two  main  groups,  according 
to  the  kind  of  materials  used  in  the  construction  of  the  plates. 
These  groups  are  lead  storage  cells  and  non-lead  storage  cells,  and 
the  construction  and  operation  of  the  two  types  will  be  discussed 
somewhat  at  length  in  the  following  sections.  A  great  deal  more 
attention  will  be  given  to  the  lead  storage  battery  on  account  of 
its  characteristic  at  present  being  such  as  to  make  it  much  better 
suited  to  the  requirements  of  the  starting  and  lighting  equipment. 

Lead  Storage  Cells 

In  the  construction  of  the  lead  storage  cell,  the  cathode,  or 
positive  plate,  is  composed  of  lead  peroxide,  Pb02;  the  negative 
plate,  or  anode,  is  composed  of  pure  spongy  lead,  Pb;  and  the  elec- 
trolyte is  sulphuric  acid,  H2SO4,  diluted  with  water,  H2O. 

Spongy  lead  and  lead  peroxide  are  rather  poor  conductors  of 
electricity  and  their  mechanical  characteristics  are  such  that  they 
cannot  be  made  into  plates  themselves  and  it  is  necessary  that  they 
be  supported  by  frames  of  some  material  which  is  stronger  and 
harder,  and  at  the  same  time  a  better  conductor  of  electricity.  The 
material  used  for  these  frames  must  be  one  which  is  not  acted  upon 
by  tte  acid,  as  otherwise  there  would  be  a  local  action  between  the 
spongy  lead  and  the  frame  or  between  the  lead  peroxide  and  frame 
whenever  they  happened  to  be  in  contact.  The  material  that  is 
most  generally  used  in  constructing  these  frames,  usually  called 
grids,  is  an  alloy  of  lead  and  antimony,  which  is  mechanically 
stronger  and  stiffer  than  pure  lead  and  it  is  not  acted  upon  to  any 
great  extent  by  the  sulphuric  acid. 

The  lead  peroxide  and  spongy  lead  are  usually  spoken  of  as  the 
active  materials,  in  order  to  distinguish  them  from  the  grids.  The 
combination  of  active  material  and  framework  is  spoken  of  as  a 
plate.  It  is  a  positive  plate  when  it  is  a  combination  of  lead 
peroxide  and  the  framework,  and  negative  plate  when  it  is  a  com- 
bination of  spongy  lead  and  the  framework. 
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General  Types  of  Lead  Cells 

There  are  two  general  methods  of  attaching  the  active  material 
of  a  plate  to  the  framework  and  these  methods  of  constructing 
the  plates  give  rise  to  two  types  of  lead  cells.  These  two  types 
are  known  as  the  Plante  and  Faure. 

The  Plante  plate  is  made  by  taking  a  sheet  of  lead  and  preparing 
its  surface  so  that  a  large  area  is  exposed  and  then  oxidizing  this 
surface  into  lead  peroxide  by  treating  the  plate  chemically  or  by 
means  of  an  electric  current,  thus  forming  the  positive  plates. 
The  negative  plates  are  formed  by  taking  the  peroxide  plates  and 
connecting  them  as  the  cathodes  with  lead  sheets  as  the  anodes, 
in  a  solution  of  diluted  sulphuric  acid^  and  passing  a  current  from 
one  plate  to  the  other  from  an  outside  source.  The  hydrogen 
set  free  from  the  acid  combines  with  the  oxygen  of  the  lead 
peroxide  and  reduces  the  lead  peroxide  to  spongy  lead.  This 
process  results  in  a  thin  layer  of  active  material  being  formed 
on  the  surface  of  the  plate  which  is  quite  porous  and  firmly 
attached  to  the  grid.  The  area  of  the  surface  of  the  lead  plates 
may  be  increased  by  cutting  a  large  number  of  narrow  grooves 
in  their  surface  or  by  corrugating  the  plates.  In  one  particular 
type  of  construction  for  stationary  batteries  the  area  of  the  plates 
is  increased  by  forming  buttons  of  narrow  strips  of  corrugated 
pure  lead  ribbon  and  forcing  them  into  circular  openings  in  the 
framework. 

The  Plante  type  of  grid  is  usually  used  where  weight  and  space 
are  of  no  great  importance  and  for  this  reason  they  are  not  used 
to  any  great  extent  in  motor  car  work. 

In  the  Faure  plate,  the  active  material,  instead  of  being  formed 
by  chemical  action  or  by  the  action  of  an  electric  current,  as  in 
the  case  of  the- Plante  plate,  is  formed  by  introducing  a  paste  of 
active  material,  formed  principally  from  compounds  of  lead  mixed 
with  a  weak  solution  of  sulphuric  acid  and  water,  into  openings 
in  the  grid.  The  composition  of  this  paste  or  active  material 
as  used  by  the  different  companies  may  be  quite  different  and  it 
is  also  quite  different  for  different  t3^es  of  cells  in  order  that  the 
finished  plate  may  be  made  compact,  porous  and  at  the  same  time 
not  readily  crumble  away.  This  type  of  plate  is  usually  spoken 
of  as  the  pasted  plate,  and  it  is  used  chiefly  where  it  is  desired  to 
obtain  the  greatest  possible  capacity  with  a  minimum  of  weight 
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and  space  occupied.    This  type  of  lead  plate  is  used  more  than 
any  other  type  in  motor  car  work. 


Action  Within  a  Storage  Cell  When 
Discharging 

In  discharging  a  storage  cell  the  electrolyte  H2SO4  is  split  up 
by  the  action  of  the  electric  current  into  hydrogen,  H2,  and 
sulphion,  SO4.  The  hydrogen,  which  passes  in  the  direction  of  the 
current,  is  liberated  at  the  cathode  and  combines  with  some  of  the 
oxygen  in  the  lead  peroxide  forming  water,  H2O,  thus  converting 
the  lead  peroxide  into  lead  oxide,  PbO.  The  lead  oxide  is  supposed 
to  combine  immediately  with  a  part  of  the  electrolyte,  H2SO4, 
forming  lead  sulphate,  PbS04,  and  water,  H2O.  Lead  sulphate 
is  also  formed  at  the  anode  by  the  sulphion,  SO4,  combining  with 
the  spongy  lead,  Pb.  The  cell  will  continue  to  deliver  current  until 
the  plates  are  entirely  reduced  to  lead  sulphate,  when  all  action 
will  cease,  as  there  is  but  one  kind  of  material  in  contact  with  the 
electrolyte  and  a  cell  requires  two  kinds.  In  practice,  however, 
the  practical  limit  of  discharge  is  reached  before  the  surfaces 
of  both  plates  are  reduced  to  the  same  material. 

The  lead  sulphate  which  is  formed  during  the  process  of  dis- 
charging is  more  bulky  than  the  active  materials  themselves,  and, 
as  a  result,  there  is  an  expansion  in  the  surface  of  the  plates  of  the 
cell.  The  lead  sulphate  has  a  higher  electrical  resistance  than 
the  active  materials,  which  causes  the  internal  resistance  of  the 
cell  to  increase  as  the  discharge  continues.  There  is  also  a  decrease 
in  the  density  of  the  electrolyte  as  the  discharge  continues  on 
account  of  the  absorption  of  the  sulphion,  SO4,  by  the  active 
material. 

The  chemical  action  taking  place  in  a  lead  storage  cell  when  it 
is  discharging  is  shown  diagrammatically  in  Fig.  55.  The  direction 
of  the  current  within  the  cell  is  from  the  negative  plate  whose 
active  material  is  spongy  lead,  Pb,  toward  the  positive  plate 
whose  active  material  is  lead  peroxide,  PO2.  The  sulphuric  acid 
in  contact  with  the  negative  plate  is  broken  up  into  SO4  and  H2, 
and  the  positively  charged  hydrogen,  H2,  carries  its  charge  over 
to  the  lead  peroxide  plate  where  it  gives  it  up  and  combines  with 
the  oxygen  of  the  lead  peroxide  forming  water.  The  SO4  part  of 
the  acid  in  contact  with  the  negative  plate  combines  with  the 
spongy  lead  and  forms  lead  sulphate,  PbS04.  The  acid  in  contact 
with  the  positive  plate  is  also  broken  up  into  SO4  and  H2,  and 
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a  part  of  the  ojygen  in  the  lead  oside  combines  with  the  hy diogen, 

Ha,  forming  more  water,  HgO.  The  sulphion,  S04,  inBtead  of  going 
over  to  the  negative  plate  combines  with  the  lead  of  the  lead 
peroxide  to  form  lead  sulphate,  PbaOj. 

MOTOR  fiEKERATOR, 


The  chemical  action  may  be  written  in  the  form  of  an  equation 
as  follows: 

Action  at  positive  plate,  cell  discharging 
PbOa  plus  Ha  plus  H2SO4  produces  PbSO*  plus  H2O 
Lead  peroxiile  plus  hydrogen  plus  sulphuric  acid  produces 
jead  Bulphate  plus  water 
Action  at  negative  plate,  cell  discharging 
Pb  plus  SO4  produces  PhSO^ 
Lead  plus  sulphion  produces  lead  sulphate 
There  are  two  things  which  are  taking  place  when  the  cell  is 
discharging.     First,  the  acid  is  continually  growing ltf!eakfr  and, 
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second,  the  active  materials,  lead  peroxide  and  spongy,  lead,  are 
being  replaced  by  lead  sulphate.  This  lead  sulphate  is  more  bulky 
than  the  active  materials  which  it  replaces  and  as  a  result  the  pores 
in  the  surface  of  the  plates  become  more  or  less  filled,  which 
to  a  certain  extent  prevents  the  acid  and  active  materials  coming 
into  contact  with  each  other. 

Chemical  Action  When  Charging 

In  charging  a  storage  cell,  a  chemical  action  takes  place  which 
is  just  the  reverse  of  the  chemical  action  taking  place  when  the 
cell  is  discharging.  The  lead  sulphate,  PbS04,  on  the  positive 
plate  is  converted  back  into  peroxide  of  lead,  Pb02;  while  the  lead 
sulphate  on  the  negative  plate  is  converted  back  into  spongy  lead. 
The  density  of  the  electrolyte  increases,  due  to  the  fact  that  the 
SO4  part  of  the  lead  sulphate  combines  with  hydrogen  and  forms 
sulphuric  acid. 

The  chemical  action  taking  place  in  a  lead  storage  cell  when  it 
is  being  charged  is  shown  diagrammatically  in  Fig.  56.  The  direc- 
tion of  the  current  within  the  cell  is  from  the  positive  toward  the 
negative  plate.  Two  parts  of  oxygen  combine  with  the  lead  part 
of  the  lead  sulphate  in  the  positive  plate  and  form  lead  peroxide, 
PO2.  The  SO4  part  of  the  lead  sulphate  on  the  positive  plate 
combines  with  two  parts  of  hydrogen  and  form  sulphuric  acid. 
Two  parts  of  hydrogen  combine  with  the  SO4  part  of  the  lead 
sulphate  on  the  negative  plate  and  form  sulphuric  acid;  while 
the  lead  part  of  the  lead  sulphate  on  the  negative  plate  remains 
on  the  surface  of  the  plate  as  the  active  material. 

The  chemical  action  may  be  written  in  the  form  of  an  equation 
as  follows  : 

Action  at  positive  plate,  cell  charging 

PbS04  plus  H2O  plus  O  produces  Pb02  plus  H2SO4 
Lead  sulphate  plus  water  plus  oxygen  produces  lead  peroxide 
plus  sulphuric  acid 
Action  at  negative  plate,  cell  charging 
PbS04  plus  H2  produces  Pb  plus  H2SO4 
Lead  sulphate  plus  hydrogen  produces  lead  plus  sulphuric 
acid 
The  changes  taking  place  in  a  lead  storage  cell  when  it  is  charg- 
ing result  in  the  lead  sulphate  on  the  positive  plate  being-  replaced 
by  lead  peroxide,  the  lead  sulphate  on  the  negative  plate  being 
Teplaetf(^%^  |)ure  lead  and  the  electrolyte  becoming  stronger. 
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Amngonent  of  Plates  in  a  Lead  Storage  Cdl 

Ever  J  storage  cell  contains  two  kinds  of  plates,  positive  and 
negative.  In  some  very  small  cells  there  are  onl;  two  plates,  one 
positive  and  one  negative.  In  the  majority  of  cases,  however,  there 
are  a  number  of  both  positive  and  negative  plates,  and  they  are 
arranged  alternately  with  respect  to  each  other.  All  of  the  posi- 
tive plates  are  connected  to  lead  bars  which  form  the  positive 
terminal  of  the  cell,  and  all  of  the  negative  plates  are  connected 
to  lead  bars  which  form  the  negative  terminal.  Since  there  is  a 
greater  chemical  action  taking  place  at  the  surface  of  the  positive 
plate  than  is  taking  place  at  the  surface  of  the  negative  plate,  it 
Is  cnstomary  to  arrange  the  plates  so  that  there  is  a  negative 


-oup  0/  plates  Jor  a  alorage  cell,  at  lejl; 
a  separator,  center,  and  on  element,  cortaietlng  of  a  group  of  posi- 
tive plates,  a  group  of  negative  platen  and  their  separators,  at  rtgM 

plate  on  both  sides  ol  each  positive  plate,  which  results  in  prac- 
tically the  same  action  taking  place  on  both  sides  of  every  positive 
plate.  With  this  arrangement,  there  will  be  required  one  more 
negative  plate  in  a  cell  than  there  are  positive  plates. 

iThe  plates  are  prevented  from  coming  into  contact  with  each 
other  by  means  of  what  are  called  separators,  which  are  generally 
made  from  wood,  treated  to  remove  all  acids  and  other  injurious 
matter.  Other  materials  are  used  in  the  constmction  of  separators, 
the  principal  one  of  which  is  rubber,  but  cot  to  anything  like  the 
extent  that  wood  is  used.  In  some  makes  of  cells  the  plates  are 
held  apart  by  means  of  special  mechanical  devices.  The  separators 
are  made  quite  thin  and  they  are  usually  ribbed  vertically  on  one 
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side.  The  ribbed  side  is  placed  next  to  the  positive  plate  which 
readily  permits  the  comparatively  large  amouot  of  active  material 
which  is  loosened  from  the  surface  of  the  plate  during  the  operation 
of  the  cell  to  fall  to  the  bottom  of  the  cell. 

A  complete  set  of  positive  or  negative  plates  fastened  to  a  bar 
or  strap  of  lead  is  called  a  group,  and  it  will  be  spoken  of  as  a 
positive  or  negative  group  depending  upon  whether  the  plates 
are  positive  or  negative.    A  group  of  plates  is  shown  in  Fig.  57. 

A  combination  of  positive  and  a  negative  group  of  plates  to- 
gether with  the  separators  constitute  what  is  called  an  element, 
A  complete  element  for  a  starting  and  lighting  battery  is  shown 
in  Fig.  58. 

Containers  for  Lead  Storage  Celk 

The  container  for  a  storage  cell  is  the  vessel  containing  the  elec- 
trolyte and  into  which  the  element  of  the  cell  is  placed.  The 
container  should  always  be  made  from  a  material  that  is  not  acted 
npon  by  the  electrolyte  and  its  mechanical  characteristics  should 
be  such  that  it  will  withstand  the  excessive  vibration  of  the  motor 
car  and  ordinary  abuse  in  handling.  Rubber  is  generally  used  in 
the  construction  of  the  container  for  storage  cells  to  be  used  on 
motor  cars  as  it  readily  meets  the  above  requirements. 

The  container  is  usually  constructed  with  stiff  ribs  across  the 
bottom  and  on  the  inside  which  serve  to  support  the  element  and 
at  the  same  time  provide  a  space  below  the  element  into  which 
any  sediment  or  loose  material  resulting  from  the  operation  of  the 
cell  may  accumulate. 

The  containing  case  is  usually  provided  with  a  suitable  cover 
which  is  sealed  into  position  after  the  element  has  been  put  in 
place  by  means  of  some  kind  of  a  pitch  compound.  Special  means 
are  employed  by  the  different  companies  in  making  a  tight  seal 
around  the  top  of  the  cell  and  terminals  of  the  groups  where  they 
pass  through  the  cover  of  the  cell. 

Each  cell  must  be  provided  with  a  suitable  vent  through  which 
the  gas  formed  during  the  operation  of  the  cell  may  escape,  and 
through  which  the  electrolyte  may  be  poured  into  the  cell  and 
electrolyte  or  distilled  water  added  as  may  be  required  from  time 
to  time. 

The  various  cells  forming  the  storage  battery  are  arranged  in  a 
substantial  wooden  box  thoroughly  coated  with  an  acid-proof 
paint  and  provided  with  suitable  handles  for  carrying  the  battery 
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and  also  for  anchoring  it  in  poBttton  on  the  car.  In  the  majority 
of  cases  a  layer  of  sealing  compound  is  placed  over  the  entire 
number  of  cells  after  they  are  all  in  place  in  the  containing  case, 
while  in  some  makes  the  sealing  of  each  IndiTidnal  cell  is  ample 
to  prevent  any  Beeping  of  the  electrolyte  out  into  the  wooden  box. 
When  the  sealing  of  each  cell  ia  entirety  separate,  it  la  possible 
to  remove  any  one  of  the  cells  from  the  battery  for  inspection 
or  repairs  a  great  deal  easier  than  it  is  where  the  entire  battery 


is  covered  with  a  layer  of  sealing  compound.  The  arrangement 
of  the  various  parts  of  a  complete  storage  battery  is  shown  in 
Fig.  59,  a  part  being  cut  away  so  as  to  show  the  interior. 

Electrolyte  for  Lead  Storage  Batteries 

The  electrolyte  for  lead  storage  batteries  eonsists  of  pure  sul- 
phuric acid  and  water.  Concentrated  sulphuric  acid  is  a  heavy, 
oily  liquid  having  a  specific  gravity  of  about  1,S35.  This  acid  is 
diluted  with  water  until  its  gravity  is  in  the  neighborhood  of  1,270 
to  1,300  for  b  fully  charged  battery,  as  the  best  results  are  obtained 
in  the  operation  of  the  battery  with  acid  of  this  gravity. 

By  the  term  specific  gravity  is  meant  the  relative  weight  of  any 
substarce  aa  compared  to  water.  Pure  water  is  taken  as  a  standard 
and  vt»  specific  gravity  is  taken  as  1  usually  written  1,000  and  spoken 
of  as  ten  hundred.  Thus,  if  you  were  to  weigh  a  certain  volume  of 
water  and  then  weigh  an  exactly  equal  volume  of  some  other  materiel, 
the  specific  gravity  of  the  material  would  be  equal  to  weight  of  the 
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upright  position  when  it  is  placed  in  the  liquid,  and  provided  with 
a  suitable  scale  marked  on  the  glass  tube  or  on  a  piece  of  paper 
inside  the  tube.  The  depth  to  which  the  hydrometer  sinks  in  the 
liquid,  whose  specific  gravity  is  being  determined,  as  indicated  o^ 
the  scale  of  the  instrument  where  the  surface  of  the  liquid  is  in 
contact  with  the  tube,  is  a  measure  of  the  specific  gravity  of  the 
liquid.  The  temperature  of  the  electrolyte  may  be  determined  by 
means  ol  a  thermometer  and  corrections  made  in  the  specific  gravity 
as  has  been  explained  above. 

For  convenience  in  using  the  hydrometer,  it  is  usually  placed 
inside  of  a  larger  glass  tube  provided  with  a  rubber  bulb  at  one 
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Fig,  62 — Temperature  at  which  electrolyte  will  freeze,    "Note  than 
up  to  a  specific  gravity  of  1,300,  the  greater  the  specific  gravity^ 

the  loner  the  freezing  point 

end  and  a  suitable  nozzle  or  short  piece  of  hose  at  the  other.  This 
combination  is  known  as  the  hydrometer  syringe,  and  is  shown 
complete  in  Fig.  61.  If  the  bulb  be  squeezed  and  the  lower  end 
inserted  into  the  electrolyte  through  the  vent  opening  of  the  cell, 
electrolyte  will  be  drawn  up  into  the  large  glass  tube  when  the  bulb 
is  released.  It  will  of  course  be  necessary  to  draw  up  sufficient 
electrolyte  to  float  the  hydrometer.  The  specific  gravity  should 
be  read  at  the  surface  of  the  electrolyte  when  the  syringe  is  in  a 
vertical  position  and  there  is  no  pressure  on  the  bulb. 

Care  should  be  exercised  in  returning  the  electrolyte  to  the  cell 
to  make  sure  that  it  is  not  drawn  from  one  cell  and  returned  to 
another^  which  would  result  in  the  electrolyte  in  one  cell  being 
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weakened  as  water  eventually  would  be  put  in  to  replace  the 
electrolyte,  while  in  the  cell  to  which  the  electrolyte  was  trans- 
ferred there  would  be  an  increase  in  specific  gravity. 

The  temperature  at  which  sulphuric  acid  freezes  depends  upon 
the  specific  gravity.  The  relation  between  the  temperature  at 
which  the  electrolyte  will  freeze  and  its  specific  gravity  is  shown 
by  means  of  a  curve  in  Fig.  62.  It  is  readily  seen  from  an  inspec- 
tion of  this  curve  that  there  is  little  danger  of  the  electrolyte 
freezing  unless  the  battery  is  discharged,  in  which  case  the  specific 
gravity  will  be  relatively  low. 

The  specific  gravity  of  the  electrolyte  in  a  cell  will  change  when 


Fig,  63 — How  the  spe- 
cific gravity  of  a  cell 
drops  as  it  is  dis- 
charged. Note  that  "bat- 
tery men  usually  tcrite 
specific  gravity  as 
though  it  were  based  on 
a  standard  of  1,000 ; 
thus,  full  charge  1,300. 
However,  the  gravity 
really  ■  is  based  on  a 
standard  of  1 ;  thus, 
full  charge  1.300 
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the  cell  is  being  charged  and  discharged,  increasing  while  the  cell 
is  being  charged  and  decreasing  when  the  cell  is  being  discharged. 
This  change  in  the  specific  gravity  of  the  electrolyte  offers  quite 
a  reliable  means  of  determining  the  condition  of  charge  of  the  cell. 
Assuming  the  electrolyte  has  a  specific  gravity  approximately 
1,300  when  the  cell  is  fully  charged,  the  specific  gravity  will  drop 
as  indicated  in  Fig.  63  as  the  cell  discharges. 

Ampere-Hour  and  Watt-Hour  Capacity  of  a 

Storage  Cell 

The  normal  ampere-hour  capacity  of  a  storage  cell  is  equal  to  the 
quantity  of  electricity  in  ampere-hours  that  the  cell  will  supply 
when  it  is  discharged  at  such  a  constant  current  that  the  terminal 
voltage  of  the  cell  will  fall  to  1.7  volts,  in  8  hours.  For  example, 
a  cell  is  said  to  have  an  ampere-hour  capacity  of  60  ampere-hours, 
which  means  that  the  cell  will  supply  a  current  of  7.5  amperes 
continuously  for  8  hours  at  70  degrees  Fahrenheit  without  the 
terminal   voltage  decreasing  below   1.7  volts.     The  ampere-hour 
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capacity  of  a  battery  formed  of  a  number  of  cells  connected  in 
series  will  be  the  same  as  the  ampere-hour  capacity  of  a  single 
cell,  but  the  pressure  producing  the  current  will  be  equal  to  the 
pressure  of  a  single  cell  multiplied  by  the  number  of  cells.  If  the 
cells  be  connected  in  parallel,  the  ampere-hour  capacity  of  the 
battery  will  be  equal  to  the  ampere-hour  capacity  of  a  single  cell 
multiplied  by  the  number  of  cells,  but  the  pressure  producing  the 
current  will  be  equal  to  the  pressure  of  a  single  cell.  The  ampere- 
hour  capacity  of  each  cell  depends  upon  the  total  area  of  the  plates 
exposed  to  the  action  of  the  electrolyte. 

The  watt-hour  capacity  of  a  storage  cell  is  equal  to  the  ampere- 
hour  capacity  multiplied  by  the  average  voltage  during  discharge. 
The  watt-hour  capacity  of  any  number  of  cells  connected  in  parallel 
or  series  will  be  equal  to  the  watt-hour  capacity  of  a  single  cell 
multiplied  by  the  number  of  cells  connected  in  circuit,  assuming 
they  are  all  identical. 

The  capacity  of  a  given  storage  cell  is  not  constant  but  depends 
upon  a  number  of  conditions,  such  as  the  temperature  of  the  cell, 
the  rate  at  which  the  cell  is  discharged,  the  specific  gravity  of  the 
electrolyte,  the  attention  the  cell  has  received  and  the  kind  of  service 
to  which  it  has  been  subjected. 

The  higher  the  rate  of  discharge,  the  lower  the  ampere-hour  and 
watt-hour  capacities  of  the  cell  and  the  lower  the  rate  of  discharge, 
the  higher  the  ampere-hour  and  watt-hour  capacities  of  the  cell. 

This  decrease  in  capacity  due  to  high  rates  of  discharge  is  largely 
due  to  the  fact  that  the  electrolyte  has  not  ample  time  to  penetrate 
the  pores  of  the  active  material  and  as  a  result,  some  of  the  active 
material  is  not  available.  If  a  cell  be  discharged  at  a  high  rate  to 
the  minimum  voltage  allowed  for  that  rate,  and  then  allowed  to 
stand  for  some  time,  it  will  be  capable  of  delivering  an  additional 
quantity.  Thus,  a  storage  battery  may  appear  to  be  completely 
exhausted  when  it  has  been  used  in  operating  the  starting  motor 
for  a  considerable  time  and  it  will  not  even  operate  the  lamps  at  a 
reasonable  voltage,  but  if  allowed  to  stand  unused  for  some  time, 
an  additional  capacity  may  be  drawn  from  the  battery  at  approxi- 
mately normal  voltage. 

The  capacity  of  a  cell  varies  a  great  deal,  due  to  a  change  in 
temperature.  There  is  a  very  marked  decrease  in  the  ampere-hour 
capacity  with  a  decrease  in  temperature.  The  battery  acts  as  though 
it  were  numbed,  due  to  the  cold,  and  unable  to  make  the  same 
effort  that  it  does  at  normal  temperature.     The  capacity  of  the 
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battery  will  return  when  its  temperature  is  returned  to  normal.  On 
aecount  of  this  decrease  in  capacity,  due  to  a  decrease  in  tempera- 
ture, it  is  always  advisable  to  keep  the  battery  fully  charged  during 
the  winter  or  cold  months,  in  order  that  it  be  capable  of  delivering 
ample  energy  to  meet  the  requirements.  High  temperatures  are 
haraful  to  the  life  of  a  storage  battery  and  should  always  be  avoided 
where  it  is  possible  to  do  so.  The  high  temperature  in  the  cell  is 
usually  due  to  an  abnormal  condition  and  an  inspection  of  the  bat- 
tery and  system  in  which  it  is  connected  should  be  made  in  order 
to  locate  the  cause  of  the  trouble.  If  the  high  temperature  is  allowed 
to  continue  it  will  distort  the  plate,  permanently  injure  the  wood 
separators,  and  more  than  likely  soften  the  rubber  jars  and  tops 
to  such  an  extent  that  they  may  be  seriously  distorted. 
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CHAPTER  VIII 

Care  of  Storage  Batteries 

IN  order  that  a  storage  battery  may  give  the  best  service  it  is 
possible  for  it  to  give,  it  is  necessary  that  it  receive  a  rea- 
sonable amount  of  care  and  attention  rather  than  waiting  until 
it  is  exhausted  before  the  motorist  knows  there  is  such  a  thing 
as  a  battery  on  your  car,  or  how  to  take  care  of  it.  If  the 
following  general  rules  are  followed  with  reasonable  care  the 
operation  of  any  good  make  of  lead  storage  battery  should  be 
quite  satisfactory. 

I — Add  nothing  but  pure  water  or  sulphuric  acid  electrolyte 
of  the  ^proper  specific  gravity  to-  the  cells.  Under  no  condition 
try  to  operate  your  battery  by  adding  a  non-freezing  solution 
of  any  kind.  Water  must  be  added  frequently  enough  to  keep 
the  plates  covered  as  they  may  be  seriously  damaged  if  allowed 
to  be  exposed  for  any  length  of  time.  It  will  be  found  necessary 
to  add  water,  more  frequently  in  warm  weather  than  in  cool  or 
cold  weather,  and  for  this  reason  it  is  best  to  make  it  a  rule  to 
remove  the  vent  plugs  and  add  the  water  once  a  week. 

In  freezing  or  very  cold  weather,  the  water  should  be  added 
just  before  the  car  is  started  in  order  that  the  water  and 
electrolyte  in  the  cell  may  become  thoroughly  mixed  while  the 
battery  is  charging.  The  water  is  lighter  than  the  acid  and 
would  remain  at  the  top  of  the  cell  and  probably  freeze,  but 
if  charged  immediately,  the  bubbles  of  gas  formed  when  the  cell 
is  charging  will  serve  thoroughly  to  mix  the  water  and  the 
electrolyte.  Be  careful  not  to  add  too  much  water  as  the  cell 
will  boil  over  when  it  starts  to  gas  and  some  of  the  electrolyte 
will  be  lost,  and  it  should  be  replaced  with  new  electrolyte 
rather  than  water  in  order  that  the  specific  gravity  of  the  elec- 
trolyte in  the  cell  may  remain  practically  constant  for  a  fully 
charged  condition  of  the  cell. 
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IT — The  specific  gravity  of  the  different  cells  should  be  ae- 
termined  at  frequent  and  regular  intervals  in  order  to  determine 
if  the  battery  is  being  properly  charged.  These  hydrometer 
readings  should  be  taken  before  adding  the  water  to  the  elec- 
trolyte. In  some  cases,  the  electrolyte  may  be  so  low  in  the  cell 
that  it  is  impossible  to  get  enough  electrolyte  up  into  the  hydro- 
meter syringe  to  float  the  hydrometer.  Water  must  then  be 
added  and  the  cell  charged  for  some  time  in  order  that  the  water 
and  electrolyte  may  mix  thoroughly  before  a  hydrometer  read- 
ing is  taken.  The  condition  of  charge  can  be  determined  by 
reference  to  the  curve  given  in  Fig.  63,  when  the  specific  gravity 
of  the  electrolyte  is  known.  If  the  specific  gravity  of  any  one 
of  the  cells  in  the  battery  is  below  1,150,  the  cell  is  completely 
discharged  or  exhausted  and  should  be  removed  from  the  ear 
and  given  a  special  charge.  In  some  cases  it  will  be  impossible 
to  increase  the  specific  gravity  of  the  electrolyte  regardless 
of  the  time  of  charge,  which  is  an  indication  that  there  probably 
is  a  short  circuit  inside  the  cell  and  in  such  a  case  it  needs  the 
attention  of  an  experienced  battery  man. 

It  occasionally  happens  that  the  specific  gravity  of  the  elec- 
trolyte tests  in  the  neighborhood  of  perhaps  1,200  although  the 
battery  appears  to  be  almost  completely  discharged  as  determined 
by  a  voltmeter  or  dim  lights.  This  condition  is  due  to  acid 
having  been  added  to  the  various  cells  to  replace  evaporation 
instead  of  adding  just  pure  water,  and  in  addition  there  is 
probably  some  trouble  within  the  cell,  such  as  plates  in  partial 
contact,  etc.  The  battery  should  be  given  a  complete  charge, 
that  is  it  should  be  charged  until  the  voltage  and  specific  gi-av- 
ity  of  each  cell  shows  no  change  in  value  for  a  period  of  several 
hours.  At  the  end  of  this  charge,  take  the  specific  gravity  of 
each  cell  and  if  it  is  above  1,300  draw  off  some  of  the  electrolyte 
and  add  pure  water  until  the  specific  gravity  of  all  the  cells 
test  the  same,  which  should  be  somewhere  between  1,270  and 
1,300.  If  the  specific  gravity  of  the  electrolyte  tests  low,  with- 
draw some  of  it  from  the  cell  by  means  of  the  hydrometer 
syringe  and  add  electrolyte  having  a  specific  gravity  of  about 
1,300  until  the  gravity  of  the  electrolyte  in  the  cell  has  been 
raised  to  the  desired  value.  Remember  that  the  cell  should  be 
charged  for  a  period  after  water  or  electrolyte  is  added  in  order 
that  the  electrolyte  may  be  mixed  thoroughly. 
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III — Care  should  be  exercised  in  keeping  the  outside  of  the 
battery  clean.  It  should  be  wiped  off  occasionally,  and  the 
compartment  in  which  it  is  placed  examined  for  excessive  cor- 
rosion due  to  acid  from  a  leaky  cell  or  perhaps  from  acid  which 
has  run  out  of  the  vent  hole  at  the  top  of  the  cell.  Be  careful 
in  cleaning  the  battery  not  to  get  any  impurities  into  the  various 
cells.  The  connections  to  the  battery  should  be  examined  thor- 
oughly at  regular  intervals  to  see  that  they  are  not  working 
loose  or  becoming  corroded.  A  rag  dampened  with  weak 
ammonia  may  be  used  to  counteract  the  acid  in  cleaning  about 
the  battery.  Hard  vaseline  may  be  used  to  prevent  excessive 
corrosion  at  the  terminals. 

Oiarging  the  Batter> 

The  best  results  are  obtained  in  charging  a  storage  battery  at 
such  a  rate  that  it  will  be  completely  charged  in  about  8  hours. 
The  battery  companies  usually  specify  the  rate  at  which  their 
different  types  and  sizes  of  cells  should  be  charged  and  that  rate 
should  be  followed.  This  charge  should  continue  until  there 
is  no  increase  in  either  the  voltage  of  the  cell,  as  indicated  by 
a  voltmeter,  or  the  specific  gravity  of  the  electrolyte  as  indi- 
cated by  the  hydrometer  for  a  period  of  perhaps  5  hours.  The 
electrolyte  in  the  various  cells  should  be  gassing,  that  is,  bubbling 
freely,  before  the  end  of  the  charge. 

In  some  cases,  the  temperature  of  the  cell  may  become  quite 
high  during  charge  and,  in  such  cases,  it  is  best  either  to  reduce 
the  rate  of  charge  or  to  stop  the  charge  entirely  until  the  tem- 
perature is  lowered  to  a  safe  value.  Under  no  conditions  should 
the  temperatures  of  the  cell  be  allowed  to  exceed  110  degrees 
Fahrenheit. 

If  a  battery  is  completely  discharged,  it  may  take  20  hours 
or  more  to  completely  recharge  it  at  the  normal  rate.  This 
time  may  be  reduced  where  conditions  demand  that  the  battery 
be  charged  in  a  shorter  time,  by  charging  the  battery  at  twice 
its  normal  rate  during  the  first  part  of  the  charge  and  then 
[reducing  this  rate  to  normal  value  as  soon  as  there  are  any 
indications  of  gassing.  But  it  is  not  recommended  as  the  proper 
method  of  procedure  to  follow  in  general.  The  temperature  of 
the  cells  should  be  watched  carefully  and  the  rate  reduced  if 
the  temperature  rises  to  the  neighborhood  of  110  degrees 
Fahrenheit. 
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In  Home  cases  the  temperature  may  become  exeesaive,  although 
thsre  is  little  or  no  gassing  in  the  cells  and  the  specific  gravity 
is  low.  This  is  an  indication  of  trouble  in  the  cell  and  it  should 
be  examined  by  a  battery  man. 

A  storage  battery  must  be  charged  by  sending  a  direct  cur- 
rent through  it  from  the  positive  to  the  negative  terminals. 
Under  no  conditions  try  to  charge  it  by  using  an  alternating 
current  as  this  nill  ruin  the  battery.  In  some  places  alternating 
current  only  is  available,  and  in  such  cases  it  will  be  necessary 
to  convert  the  alternating  current  into  direct  current.  There  are 
a  number  of  different  ways  of  accomplishing  this.  An  alternat- 
ing-current motor  may  be  operated  from  the  alternating-current 
circuit  and  used  to  drive  a  direct- current  generator  which  will 
supply  the  proper  kind  of  charging  current  to  the  battery.     A 

I      llOVdTS 


Fig.  65— Conncclions  for  charging  a  storage  battery 

device  known  as  a  rectifier  may  be  used  to  charge  the  alternating 
current  into  direct  current.  These  rectifiers  are  in  general  of 
the  mechanical,  mercury  vapor  or  electrolytic  type. 

If  a  single  6-volt  battery  is  to  be  charged  from  a  UO-volt 
D.  C.  circuit,  connections  may  be  made  as  shown  in  Fig.  65.  A 
resistance  must  be  placed  in  series  with  the  battery,  in  order  to 
regulate  the  value  of  the  current  and  a  very  convenient  resist- 
ance is  to  use  a  number  of  llO-volt  32-eandlepower  carbon- 
filament  incandescent  lamps  connected  in  parallel  and  the  com- 
bination in  turn  connected  in  aeries  with  the  battery  as  shown 
in  the  figure.     Each  of  the  32-eandlepower  lamps  will  allow  op- 
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proximately  I  ampere  to  paaa  through  tbe  battery,  so  if  the 
charging  rate  in  amperea  ia  knowa  tbe  Dumber  of  lamps  required 
will  be  equal  to  thia  rate.  When  16-candlepowcr  carbon-lila- 
ment  lamps  are  used  instead  of  the  32-candlepower  one»,  twice 
as  many  lamps  will  be  required,  as  each  16-candlepower  carbon, 
filament  lamp  'will  allow  approximately  only  ^  ampere  to  paaa 
through  the  battery.  If  high-effieiency  lampa,  such  aa  tungsten, 
ibe  used,  more  lamps  will  be  required  as  the  current  rating  of 
tbe  high-efliciency  lamps  is  less  than  tbe  current  rating  of 
carbon- filament  lamps. 

When  a  220-volt  circuit  is  available  instead  of  a  110-volt 
circuit,  two  110-volt  lampa  must  be  connected  in  series  as  shown 
in  Fig.  66.  When  a  550-volt  circuit  ia  available,  five  lamps  muat 
be   connected   in   series  and   a  sufflcieut  number   of   these  series 
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romhinalions  connected   in  parallel  to  give  the  deuui'd  charging 

Several  batteries  may  be  charged  in  series  more  efficiently 
than  by  charging  each  battery  alone.  If  several  batteries  l>e 
connected  in  series  in  plaie  of  tbe  single  battery  shown  in  Vigs. 
65  and  66,  less  reHistance  will  be  required  in  order  that  the  proper 
charging  current  may  pass  through  the  batteries.  The  reaaon  for 
this  is  that  with  an  increaac  in  the  number  of  batteries  in  series 
there  is  a  decrease  in  the  value  of  the  effective  pressure  acting 
in  the  circuit,  which  is  equal  to  the  difference  between  the  pres- 
sure between  tbe  terminals  of  the  charging  circuit  and  the  com- 
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bined  pressure  of  all  of  the  batteries,  in  series,  and  hence  there 
must  be  a  decrease  in  the  value  of  the  resistance  of  the  circuit 
in  order  that  the  current  may  remain  constant.  There  is  a  limit, 
however,  to  the  number  of  batteries  that  may  be  charged  in 
©eries  and  this  limit  is  reached  when  the  combined  pressure  of 
all  the  batteries  in  series  at  the  end  of  charge  and  with  the 
circuit  closed  is  exactly  equal  to  the  pressure  between  the 
terminals  of  the  charging  circuit.  Under  these  conditions  there 
is  no  resistance  required  in  the  circuit  and  all  of  the  energy 
draWn  from  the  charging  circuit  is  used  within  the  batteries 
instead  of  part  of  this  energy  appearing  as  heat  in  the  resistance. 

Care  of  Battery  When  Not  in  Service 

It  may  happen  that  the  battery  will  be  out  of  service  for  a 
considerable  period,  as  when  the  car  is  put  away  during  the 
winter  months,  and  during  this  time  it  should  not  be  allowed  to 
stand  without  attention.  If  the  battery  is  to  be  out  of  service 
for  only  3  or  4  weeks,  it  should  be  filled  with  pure  water  and 
given  a  complete  charge  the  last  few  days  the  car  is  in  service 
by  using  the  lamps  and  starting  motor  very  sparingly.  The 
specific  gravity  of  the  electrolyte  should  test  between  1,270  and 
1,300.  The  batteries  should  be  entirely  disconnected  from  all 
circuits  as  any  slight  leak  will  in  time  completely  discharge  it 
It  should  be  put  in  a  room  whose  temperature  is  fairly  uniform 
and,  if  possible,  in  the  neighborhood  of  70  degrees  Fahrenheit. 

If  the  battery  is  to  be  out  of  service  for  several  months,  it  is 
perhaps  best  to  send  it  to  a  reliable  battery  station  for  storage 
where  it  will  receive  the  necessary  attention  from  time  to  time. 
In  some  cases,  this  is  not  possible  and  if  such  is  the  case  you 
may  proceed  as  follows:  Give  the  battery  a  complete  charge  by 
operating  the  engine  of  your  car  at  a  speed  corresponding  to 
about  20  miles  per  hour  for  a  sufficient  time  to  cause  the  battery 
to  become  completely  charged.  If  direct  current  is  available,  it 
will  be  best  for  you  to  remove  the  battery  from  the  car  and 
charge  it  as  outlined  in  the  previous  section.  From  6  to  8-week 
intervals  during  the  out-of -service  period,  water  should  be  added 
to  the  cells  and  the  battery  given  what  is  known  as  a  refreshing 
charge;  that  is,  the  charge  should  continue  until  all  the  cells 
have  been  gassing  freely  for  perhaps  1  hour,  and  the  battery 
may  then  be  allowed  to  stand  for  another  similar  period  without 
attention.     In  the  event  that  it  is  not  possible  to  give  the  bat- 
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tery  a  refreshing  charge  every  6  weeks  or  2  months,  it  may  be 
allowed  to  stand  for  a  period  of  perhaps  6  months  without  any 
real  serious  damage  resulting,  although  it  is  best  to  give  it  the 
refreshing  charge  or  send  it  to  the  battery  station. 

No  matter  what  procedure  is  followed,  water  should  always 
be  added  and  the  battery  fully  charged  before  it  is  put  back 
into  service.  If  the  battery  has  stood  for  5  or  6  months,  without 
being  charged,  it  should  be  charged  for  40  or  50  hours  at  one- 
half  normal  rate  before  being  put  back  into  service. 


Chapter  IX  ^ 

Magnets  and  Magnetism 

THE  name  magnet  was  given  by  the  ancients  to  certain  black 
stones  found  in  various  parts  of  the  world,  principally  at  Mag- 
nesia in  Asia  Minor,  which  possessed  the  property  of  attracting  small 
pieces  ^f  iron  and  steel.  Later,  the  Chinese  discovered  that  if  a  piece 
of  this  black  stone  were  freely  suspended  by  a  string  it  possessed  the 
very  remarkable  property  of  pointing  always  in  the  same  direction, 
nearly  north  and  south;  thence  they  called  the  stone  ' * lodestone, ' ' 
or  'heading  stone"  and  used  it  in  this  manner  to  assist  them  in 
navigating  their  ships.  The  natural  magnet,  or  lodestone,  is  an  ore 
of  iron,  and  is  called  magnetite. 

Artificial'  Magnet 

If  a  piece  of  iron,  or,  better  still,  a  piece  of  hard  steel,  be  rubbed 
with  a  lodestone,  it  will  be  found  to  possess  the  properties  or  char- 
acteristics of  the  natural  magnet ;  that  is,  it  will  attract  light  pieces 
of  iron;  it  will  point  approximately  north  and  south  if  freely  sus- 
pended by  means  of  a  piece  of  string;  and  it  can  be  used  to  mag- 
netize other  pieces  of  iron  or  steel.  Magnets  made  in  this  manner 
are  called  artificial  magnets. 

Strong  artificial  magnets,  however,  are  not  made  by  using  the 
lodestone,  as  it  is  impossible  to  make  them  strong  enough  by  this 
method,  but  by  methods  described  in  a  following  section  on  electro- 
magnetism. 

Poles  of  a  Magnet 

Certain  parts  of  a  magnet  possess  the  .property  of  attracting  iron 
and  steel  to  a  greater  extent  than  do  other  parts,  and  these  parts 
are  called  the  poles  of  the  magnet.  The  poles  of  a  bar  magnet  are 
usually  situated  at  or  near  the  ends  of  the  bar,  as  shown  in  Fig.  67, 
which  shows  a  bar  magnet  that  has  been  dipped  into  iron  filings; 
the  filings  are  attracted  and  adhere  in  tufts  at  the  ends. 
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North  and  South  Poles 

When  a  magnet  ia  snpported  on  a  sharp  pivot  or  suspended  by  a 
light  thread,  it  adjusts  itself  to  such  a  position  that  it  points  nearly 
DOrth  and  south.  A  small  elongated  magnet  thus  suspended  13  called 
a  magnetic  needle.  If  such  a  needle  be  turned  from  the  position 
which  it  naturally  takes  and  is  free  to  airing,  it  will  at  once  return, 
swinging  to  and  fro  until  it  settles  donn  in  its  original  position. 
This  tendency  of  the  magnetic  needle  to  set  itself  approximately 
north  and  south  is  the  foundation  of  the  compass. 

The  end  of  the  needle  which  points  approximately  toward  the 
north  geographical  pole  is  called  the  north  pole,  and  is  usually 
markeJ  with  the  letter  N;  while  the  other  end  of  the  needle  is  called 
the  south  pole. 

The  north  pole  of  a  magnet  is  often  called  the  positive  or  plus 


(  +  )  pole,  and  the  south  pole  is  often  called  the  negative  or  minus 
{  — )  pole.  Since  the  north  or  positive  pole  turns  toward  the  north, 
it  is  sometimes  called  the  north-seeking  pole,  and  the  south  or  nega- 
tive pole  is  sometimes  called  the  sovthrseekwg  pole. 

Magnetic  Attraction  and  Repulsion 

If  a  pole  of  a  magnet  is  brought  near  a  magnetic  needle,  it  is 
found  to  attract  one  pole  of  the  needle  and  repel  the  other  pole. 
The  north  pole  of  the  magnet  may  be  determined  by  observing  the 
position  it  takes  when  suspended  by  a  thread  and  it  wDI  be  found 
that  the  north  pole  of  the  magnet  always  repels  the  north  pole  of  the 
needle  and  always  attracts  the  south  pole  of  the  needle.     Similarly, 
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it  will  be  found  that  the  south  pole  of  the  magnet  always  repels  the 
south  pole  of  the  needle  and  always  attracts  the  north  pole  of  the 

needle. 

This  action  shows  that  there  aje  two  kinds  of  magnetic  poles,  and 
that  pol«s  of  the  same  kind  repel  each  other  and  poles  of  opposite 
kinds  attract  each  other.  The  action  between  two  like  magnetic 
poles  is  shown  in  Fig.  68,  and  the  action  between  two  unlike  mag- 
netic poles  is  shown  in  Fig.  69. 

Induced  Magnetism 

If  a  bar  of  soft  iron  be  used  instead  of  a  magnet,  it  will  be 
found  that  either  end  of  the  bar  of  soft  iron  will  attract  either  pole 
of  the  needle.    If  one  end  of  the  iron  bar  be  thrust  into  a  quantity 


Fig.  68 — Like  poles  of  magnets  repel  each 
other.  If  one  magnet  he  suspended  near  another 
icith  either  the  two  south  poles  or  the  two  north 
poles  close  together,  the  suspended  magnet  will 
try  to  swing  away  from  the  other 
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of  fine  iron  filings  and  withdrawn,  only  a  very  few  of  the  filings  will 
adhere  to  the  end  of  the  bar.  If,  however,  one  end  of  the  bar  be 
thrust  in  a  quantity  of  filings  and  one  pole  of  a  permanent  magnet 
be  presented  to  the  other  end  of  the  bar  and  the  combination  then 
withdrawn,  a  large  number  of  the  filings  will  adhere  to  the  end  of 
the  soft  iron  bar,  as  shown  in  Fig.  70.  Practically  all  of  the  filings 
will  fall  from  the  end  of  the  soft  iron  bar  if  the  permanent  magnet 
be  removed  from  the  other  end.  The  action  between  the  soft  iron 
bar  and  the  compass  needle  will  increase  with  a  decrease  in  the  dis- 
tance between  them.  Similarly,  the  ability  of  the  soft  iron  bar  to 
hold  the  filings  will  increase  as  the  distance  between  it  and  the  pole 
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of  the  permanent  magnet  decreases.  In  either  case,  the  bar  of  soft 
Iron  becomes  magnetised  due  to  the  action  of  the  compass  needle  or 
the  permanent  magnet,  and  two  magnetic  poles  are  produced  on  it. 
The  end  of  the  bar  nearest  the  magnetic  pole  on  the  compass  needle, 
or  permanent  magnet,  will  be  of  opposite  sign,  while  the  end  of  the 
bar  farther  away  from  the  compass  needle,  or  permanent  magnet,  is 
of  the  same  sign  as  the  pole  on  the  compass  needle,  or  permanent 
magnet.  Magnetism  produced  in  this  manner  is  called  indhiced 
magnetism. 

The  magnetism  induced  in  a  piece  of  iron  may  induce  magnetism 
in  another  piece,  and  this  in  another  piece,  and  so  on;  and  thus  a 
magnet  may  be  made  to  support  similar  pieces  of  iron  end  to  end  as 


Fig,  69 — Utttike  poles  of  magnets  attract 
each  other.  If  one  magnet  he  suspended  with 
its  north  pole  near  the  south  pole  of  another, 
the  suspended  one  will  try  to  move  toward  the 
other 
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shown  in  Fig.  71,  each  of  which  has  become  a  magnet  by  induction. 
The  magnetism  of  each  sucessive  piece  is  weaker  than  in  the  preced- 
ing piece. 

Forms  of  Magnets 

Magnets  are  made  to  assume  many  different  forms,  depending  in 
a  great  measure  upon  their  application.  The  two  principal  forms, 
however,  are  known  as  bar  and  horseshoe  magnets,  respectively.  A 
bar  magnet  is  shown  in  Fig.  67  and  a  common  type  of  horseshoe 
magnet,  as  used  in  the  construction  of  magnetos,  is  shown  in  Fig.  72. 

A  material  in  which  magnetism  may  be  induced,  and  which  is 
therefore  attracted  by  a  magnet,  is  called  a  magnetic  material.    Iron. 
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In  its  various  forma,  such  as  irrought  iron,  caat  iron  and  steel,  is  the 
beat  magnetic  material  known.  There  are  a  few  other  materials,  such 
as  cobalt,  nickel  and  chromium,  that  are  sUghtlj  magnetic  but  very 
much  leas  than  iron.  All  materials  which  are  not  quite  strongly  mag- 
netic are  usually  spoken  of  as  non-magnetic  materials,  since  they 
are  nearly  neutral  as  regards  magnetism.  Uq fortunately  there  is  no 
insulator  for  magnetism  as  there  is  for  electricity. 


Continuous  jarring  of  a  magnet  will  tend  to  cause  its  magnetism 

to  disappear,  or  to  demagnetize  it.    If  a  magnet  be  heated  to  a  tem- 

'  perature  about  red  heat,  it  becomes  demagnetized,  and  the  iron 


and  that  In  another,  aa  »lioicn  at  the  right 

at  the  aame  time,  loses  its  magnetic  quality  and  does  not  regain  it 
until  it  coola  to  a  lower  temperature.  Since  a  magnet  tends  to  lose 
its  magnetism  so  readily,  it  is  customary  to  furnish  the  horseshoe 
form  with  what  is  called  a  keeper.  The  keeper  is  a  piece  of  iron 
which  may  be  placed  across  the  poles  of  the  magnet,  vrhieh  makes 
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a  eoinplete  magnetic  circuit  and  thus  tends  to  prevent  the  di-msfrneti- 

zation  of  the  magnet  hj  jarring. 

Coercive  Force 

Some  materials  are  more  readilj'  magnetiised  and  demagnetized 
than  others.  For  example,  it  is  well  knon'ti  that  soft  iron  ia  very 
readily  magnetized,  but  loses  prat^tieally  all  of  its  magnetitim  if  it 
is  slightlj  jarred  after  it  ia  removed  from  the  ioflueQce  of  the  mag- 
netizing force.  Hard  steel  is  usually  more  difficult  to  magnetize, 
but  it,  on  the  other  hand,  does  not  lose  its  magnetism  so  early  as 
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soft  iron.  In  general  the  harder  the  steel,  the  harder  it  is  to  mag- 
netize and  the  more  strongly  it  retains  its  magnetism.  The  prop- 
erty of  a  magnetic  material  which  opposes  its  demagnetisation  is 
called  its  coercive  force,  and  it  is  desirable  to  have  a  material  of 
high  coercive  force  in  making  strong  permanent  magnets. 

Retenttveneu 

When  a  magnet  is  magnetized  as  strongly  aa  passible,  it  is  said  to 
lie  saturated,  and  if  the  magnetizing  force  producing  the  magnetism 
be  removed,  the  magnet  will  immediately  grow  wenker  and  it  will 
continue  to  get  weaker  for  a  considerable  period  until  the  magnetism 
finally  becomes  permanent  in  strength.  Magnets  which  have  lost 
the  temporary  magnetism  due  to  saturation  are  called  aged  magnets 
and  they  should  always  be  used  where  it  is  desired  to  hare  a  con- 
stant magnetic  effect.  The  ability  of  a  magnetic  material  to  retain 
its  magnetism  after  being  magnetized  is  called  its  retentiveuess. 
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Molecular  Theory  of  Magnetum 

There  are  quite  a  number  of  experimental  facts  which  lead  to  the 
coQcluaion  that  magnetism  haa  something  to  do  with  the  moleculea 
of  the  substance,  since  an7  disturbance  of  the  moleculea  causes  a 
change  in  the  degree  of  magnetization.  If  a  glass  tube  full  of  hard 
steel  filings  be  magnetized,  it  will  behave  toward  a  compass  needle 
or  other  magnet  as  though  it  were  a  solid  bar  magnet,  but  it  will 
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lose  practically  all  ot  its  nugnetism  as  aoon  as  the  filings  are 
rearranged  with  respect  to  eatb  other  by  gmng  the  gHss  tube  ser 
eral  good  shakes  A  magnet  will  lose  its  magnetiim  when  heated 
A  magnet  may  be  broken  into  any  number  of  different  pieces  and 
there  will  appear  at  each  break  a  north  and  south  pole  as  ehov\n  in 
Fig,  73  The  strength  of  any  magnet  will  be  greatly  reduced  bj 
hammering,  twisting  or  bending  it 
A  theory  often  used  to  explain  the  above  facta  is  as  follows      In 
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an  unmagnetized  bar  it  is  assumed  that  the  molecules  are  each  a 
tin7  magnet  and  that  these  molecules,  or  magnets,  are  arranged  in 
no  definite  way,  except  that  the  poles  of  the  different  magnets 
neutralize  each  other  throughout  the  bar.  The  supposed  arrange- 
ment of  the  molecules  in  an  unmagnetized  bar  is  shown  in  Fig.  74. 
When  the  unmagnetized  bar  is  brought  undet  the  influence  of  a 
magnetizing  force,  the  tiny  magnets  are  turned,  due  to  the  action 
of  the  outside  magnetizing  force,  so  that  their  north  poles  tend  to 
point  in  one  general  direction  and  their  south  poles  tend  to  point  in 
the  opposite  direction.  The  supposed  arrangement  of  the  molecules 
in  a  magnetized  bar  is  shown  in  Fig.  75.    The  opposite  poles  neutral- 


Fig,  74 — Assumed  arrangement  of  molecules  of  iron  in  an  unmag- 

netised  har 


Fig.  75 — Rearrangement  of  molecules  in  an  iron  har,  assumed  to 
take  place  upon  magnetization.  Each  molecule  becomes  a  tiny 
magnet  and  all  have  their  north  poles  pointing  approximately  one 
way 

ize  each  other  in  the  center  of  the  bar  but  there  will  be  a  north  pole 
found  at  one  end  and  a  south  pole  at  the  other. 

The  ease  with  which  any  material  may  be  magnetized  as  compared 
to  some  other  material  wiU  depend  upon  what  might  be  termed  the 
molecular  friction  of  the  material.  Thus,  the  molecules  in  a  bar  of 
steel  offer  a  greater  resistance  to  a  change  in  their  position  than 
do  the  molecules  in  cast  iron.  Steel,  as  a  result,  is  harder  to  mag- 
netize than  cast  iron,  and  it  will  also  retain  its  magnetism  after  once 
magnetized  better  than  cast  iron  for  the  same  reason. 

Magnetic  Pole  of  Unit  Strength 

Some  unit  of  measure  must  be  employed  in  order  to  be  able  to 
express  the  strength  of  a  magnet,  and  for  this  reason  we  have  what  is 
called  a  unit  magnetic  pole.  A  magnetic  pole  is  said  to  have  a 
strength  of  1  when  it  will  repel  a  magnetic  pole  of  equal  strength 
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and  of  the  same  kind  with  a  force  of  1  dyne  when  they  are  one 
centimeter  apart.  There  are  2.54  centimeters  in  1  inch,  and  444,823 
dynes  in  1  pound,  so  that  the  force  between  two  unit  poles  is  very 
small.  In  the  above  definition  the  magnetic  poles  are  supposed  to  be 
concentrated  at  points.  The  force  acting  between  two  poles  will 
increase  with  an  increase  in  the  value  of  the  product  of  their  re- 
spective strengths  and  decrease  as  the  square  of  the  distance  between 
them. 

Magnetic  Field 

Any  open  space  in  which  there  will  be  a  magnetic  force  acting  on 
a  magnetic  material,  if  it  be  introduced  in  the  space,  is  called  a 
magnetic  field.  Every  magnetic  field  possesses  two  properties  whieh 
must  be  known  in  order  that  a  magnetic  field  may  be  described. 
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Fig,  76 — Direction  of  magnetic  field  about  a  magnet  C8  indicated 

by  a  compass 


These  two  properties  are  the  direction  of  the  magnetic  field  and  the 
strength  of  the  magnetic  field. 

^  The  direction  of  a  magnetic  fiel^  is  defined  as  being  the  direction 
in  which  a  north  magnetic  pole  would  be  urged  if  it  were  placed  in 
the  magnetic  field.  Since  a  north  magnetic  pole  cannot  be  separated 
from  its  equal  south  pole,  the  direction  of  the  magnetic  field  may  be 
determined  by  observing  the  direction  in  which  the  north  pole  of  a 
short  compass  needle  will  point  when  it  is  placed  in  the  magnetic 
field  at  the  point  where  the  direction  of  the  field  is  desired.  For 
example,  the  direction  of  the  magnetic  field  surrounding  a  bar  mag- 
net may  be  determined  as  indicated  in  Fig.  76.  The  shaded  end  of 
the  copipass  needle  indicates  the  north  pole  of  the  needle.  It  will 
be  observed  that  the  direction  of  the  field  is  out  from  the  north  pole 
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of  the  magnet  at  one  end;  it  is  parallel  to  the  magnet  at  the  center 
of  the  magnet  and  from  the  north  toward  the  south  pole;  and 
toward  the  south  pole  of  the  magnet  at  the  other  end. 

The  strength  of  a  magnetic  field  at  any  point  is  defined  as  being 
equal  to  the  force  in 'dynes  acting  upon  a  unit  magnetic  pole  placed 
at  the  point  in  qnestion.    A  magnetic  field  haa  unit  strength  when 


Fin.  78 — LInea  of  force  po«»  hettccen  If  and  S  poles  of  eoeft  may- 
net  ahca  -V  po!rs  arc  together 

it  exerts  a  fort^e  of  one  dyne  on  a  unit  magnetic  pole.  A  force  of  one 
dyne  is  very  small,  aa  there  are  444,S23  dynes  in  1  pound.  A  uni- 
form magnetic  Geld  is  one  whose  strength  at  every  point  is  the  same. 

Lines  of  Force 

For  CDnvenien^^e,  a  magnetic  field  is  imagined  aa  being  a  space 
more  or  leas  filled  with  imaginary  lines  called  lines  of  force.  The 
strength  of  the  magnetic  field  may  be  represented  by  drawing  the 
proper  number  of  these  lines  of  force  per  square  centimeter,  the 
area  being  taken  perpendicular  to  the  direction  of  the  field;  and  the 
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|iOBitive  directioQ  of  the  lines  is  taken  to  correspond  to  the  direction 
of  the  mSigiietie  field. 

These  magnetic  lines  of  force  whlcli  are  supposed  to  constitute  a, 
magnetic  field  are  supposed  to  possess  two  properties.    Tbey  always 


Fig.  IS^A  piece  of  non-magneUo  material  does  not  change  the. 


tend  to  shorten  themselves  and  they  repel  each  other,  which  in  a 
measure  accounts  for  the  attraction  between  unlike  magnetic  poles 
and  a  repulsion  between  like  magnetic  poles.  Thus  in  Fig.  77  the 
lines  of  force  pass  from  the  north  pole  of  one  magnet  across  the  in- 


1 
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tervening  space  and  enter  the  south  pole  of  an  adjacent  magnet. 
Any  tendency  of  these  lines  to  shorten  will  result  in  a  force  tending 
to  draw  the  poles  together,  and  any  force  tending  to  separate  the 
lines  themselves  will  result  in  a  force  tending  to  draw  the  two  poles 
together.    The  action  between  like  poles  is  shown  in  Fig.  78. 

Magnetic  Screen 

The  effect  of  a  magnet  upon  a  compass  needle  may  be  varied  by 
introducing  a  sheet  of  magnetic  material  between  the  two.  The  sheet 
of  magnetic  material  acts  as  a  magnetic  screen  and  prevents  the 
lines  of  force  from  the  magnet  spreading  out  to  the  extent  they  would 
if  no  screen  were  used.  Introducing  a  non-magnetic  material,  such 
as  glass,  between  the  magnet  and  compass  needle  does  not  interfere 
with  the  action  of  the  magnet  on  the  compass  needle.  The  effect  of 
the  magnetic  and  non-magnetic  material  is  shown  in  Figs.  79  and  80. 


Chapter  X 

Electromagnetism 

IF  a  compass  needle  be  placed  near  a  horizontal  conductor  in  which 
there  is  a  current  of  electricity,  it  will  be  acted  upon  by  a  mag- 
netic force  which  will  tend  to  turn  the  needle  from  its  approxi- 
mately north  and  south  position.  The  position  occupied  by  the 
compass  needle  when  it  comes  to  rest  will  change  with  a  change 
in  the  value  of  the  current  in  the  conductor,  and  also  with  a 
change  in  the  distance  between  the  compass  needle  and  the  con- 
ductor. If  the  direction  of  the  current  in  the  conductor  be  reversed 
and  adjusted  to  exactly  the  same  value  as  before,  the  deflection 
of  the  compass  needle  will  be  changed,  and  it  will  be  deflected  in 
the  opposite  direction  from  its  normal  position  to  that  before. 
These  experimentally  proven  facts  prove: 

First,  there  is  a  magnetic  field  surrounding  a  conductor  in  which 
there  is  a  current  of  electricity. 

Second,  the  strength  of  the  magnetic  field  produced  by  the  cur- 
rent, depends  upon  the  value  of  the  current. 

Third,  the  strength  of  the  magnetic  field  produced  by  the  current 
varies  with  the  distance  from  the  conductor. 

Fourth,  there  is  a  definite  relation,  between  the  direction  of  the 
magnetic  field  produced  by  the  current  and  the  direction  of  the 
current  producing  the  magnetic  field. 

Magnetism  produced  in  this  manner  by  an  electric  current  is 
called  electromagnetism. 

Direction  of  Magnetic  Field 

The  direction  of  the  magnetic  field  produced  by  a  current  of 
electricity  may  be  determined  in  exactly  the  same  manner  as  the 
direction  of  a  magnetic  field  due  to  a  permanent  magnet,  namely, 
by  determining  the  direction  in  which  the  north  pole  of  a  compass 
aeedle  will  point  when  placed  in  the  field  at  the  point  where  the 
direction  is  desired.    If  a  compass  needle  be  placed  beneath  a  wire^ 
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as  shown  in  Pig.  81,  and  a  current  produced  in  the  wire  from  left  to 
right,  aa  indicated  b;  tbe  long  straight  arrow  aljove  the  wire,  the 
compasa  needle  nill  move  in  the  direction  indicated  by  the  two 
curved  arrowa  at  the  ends  of  the  needle.  If  the  compaaa  needle 
be  placed  above  the  wire,  it  will  be  deflected  in  the  opposite  direc- 
tion. The  general  direction  of  the  magnetic  Eeld  on  the  under 
aide  of  the  wire  ia  toward  the  surface  of  the  paper  and  directly 
above  the  wire,  the  direction  of  the  magnetic  field  is  away  from 
the  aurface  of  the  paper.  If  the  compass  needle  be  pivoted  on 
a  horizontal  axia  parallel  to  the  wire,  instead  of  a  vertical  axis  as 


in  Pig.  81,  its  north  pole  will  point  around  the  conductor  in  the 
same  direction  as  the  hands  of  a  clock  aa  you  look  along  the  con- 
ductor in  the  direction  of  the  current  for  all  positions  in  which 
it  is  placed.  The  same  results  may  be  obtained  by  plating  the 
conductor  in  a  vertical  position  and  turning  the  compass  needle 
around  the  conductor,  the  compass  needle  being  free  to  move  in  a 
horizontal  plane  inatead  of  a  vertical  plane.  If  the  current  in  the 
condnctor  is  down,  as  shown  in  Fig.  82,  the  direction  of  the  mag- 
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netio  field  aboijt  the  conductor  will  be  elockwise,  as  indicated  by 
the  small  arrow  heads  on  tbe  dotted  Jine. 

If  iron  filings  be  sprinkled  upon  a  sheet  of  paper  through  which 
a  conductor  passes  thot  b  carrying  a  current,  the  iron  filings  will 
wrange  themselves  in  more  or  less  regular  concentric  lines,  when 
the  paper  is  gently  jarred,  as  shown  in  Fig,  S3. 

Detenniniiig  the  Direction  of  Magnetic  Field 

There  are  a  number  of  simple  methods  of  remembering  the  rela- 
tion  between   the  direction   of   a  magnetic  BelJ   and   tlie  direction 
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Fiff,  84 — The  magneHc  field  it  i»  tlie  some  direction  aa  the 
hands  of  a  claek  ichca  the  dirfctionof  the  current  Js  oicoj/ /rem 
the  obarrifr   (+)   and  anti  clatkuiie  irhea  turned  tO'rard  the  ob 


of  the  current  producing  it  A  very  simple  rule,  known  as  the 
"right  hand  rule,"  is  as  fallows  Grasp  the  condu«tar  with  the 
right  hand,  the  thumb  being  placed  along  the  conductor  and  the 
fingers  around  the  conductor,  then  the  fingers  will  point  in  the 
direction  of  the  magnetic  field  when  tbe  thumb  points  to  the  direc- 
tion of  the  current  in  the  conductor 
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If  you  look  along  a  conductor  in  the  direction  of  the  current, 
the  direction  of  the  magnetic  field  surrounding  the  conductor,  due 
to  the  current  in  the  conductor,  will  be  clockwise.  Two  methods  of 
representing  the  direction  of  a  magnetic  field  in  relation  to  the 
direction  of  the  current  in  the  conductor  producing  the  maglietie 
field  are  shown  in  Fig.  84.  A  cross-section  of  the  conductor  is 
shown  in  each  case,  and  a  current  from  the  observer  is  indicated 
by  a  plus  sign  (  +  ),  while  a  current  toward  the  observer  is  indi- 
cated by  a  minus  sign    ( — ).     The  field  is  indicated  by  the  con- 


Fig.  85 — Effect  on  a  compass  needle   of  current   through  a   loop 

of  wire 


centric  dotted  circles,  and  it  is  clockwi* — the  same  direction  as 
the  hands  of  a  clock — when  the  current  is  away  from  the  observer 
and  counter-clockwise  when  the  current  is  toward  the  observer. 

Another  rule,  known  as  the  '* right-hand  screw-rule,''  is  as  fol- 
lows: Consider  a  right-handed  screw  which  is  being  screwed  into 
or  out  of  a  block.  If  a  current  is  supposed  to  exist  through  the 
screw  in  the  direction  in  which  the  screw  moves  through  the  block, 
then  the  direction  of  the  magnetic  field  will  correspond  with  the 
direction  in  which  the  screw  turns. 

Solenoids 

If  a  conductor  be  bent  into  the  form  shown  in  Fig.  85  and  a 
current  sent  through  the  conductor,  the  magnetic  action  on  a  com- 
pass needle  placed  in  the  position  shown  in  the  figure,  due  to  a 
certain  current  in  the  conductor,  will  be  greater  than  in  the  case 
of  a  straight  conductor.  This  is  due  to  the  fact  that  the  magnetic 
effect  of  both  the  upper  and  lower  portions  of  the  conductor  tend 
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to  produce  a  deflection  of  the  compass  needle  in  the  same  direction. 
Hence,  if  the  conductor  be  coiled  about  the  needle,  each  additional 
turn  will  produce  an  additional  force,  tending  to  turn  the  compass 
needle  from  the  normal  position.  The  magnetic  effect  of  any  cur- 
rent can  be  greatly  increased  in  this  way. 

A  cross-section  through  a  single  turn  of  wire  carrying  a  current 
and  the  magnetic  field  surrounding  the  turn  are  shown  in  Fig.  86. 
The  current  is  toward  the  observer  in  the  left  end  of  the  section 
of  wire  and  away  from  the  observer  in  the  right  end  of  the  wire, 
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Fig,  86 — Une»  of  force  about  a  turn  of  wire  carry- 
ing a  current 


which  results  in  the  direction  of  the  magnetic  field  about  the  upper 
part  being  counter-clockwise  and  about  the  lower  part,  clockwise.  It 
is  obvious  that  the  direction  of  the  magnetic  field  between  the  end 
cross-sections  of  the  wire  is  downward,  and  all  the  imaginary  lines 
of  force  that  are  supposed  to  constitute  the  magnetic  field  due 
to  the  current  in  the  turn  of  wire  pass  through  the  turn  in  the  same 
direction. 

The  magnetic  field  is  stronger  in  the  center  of  the  turn  than  it 
is  outside,  which  is  indicated  by  a  larger  number  of  lines  of  force 
per  unit  of  area,  as  shown  in  the  figure. 

If  the  number  of  turns  forming  the  coil  be  increased,  the 
strength  of  the  magnetic  field  inside  the  coil  will  be  increased, 
since  the  majority  of  the  lines  of  force  that  surround  each  turn 
seem  to  pass  around  the  entire  winding  instead  of  passlhg  around 
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the  individual  turns.    A  cross-section  of  a  coil  composed  of  a  num- 
ber of  turns  is  shown  in  Fig.  87.    Such  a  coil  is  called  a  solenoid. 

Polarity  of  Solenoid 

Solenoids  carrying  current  exhibit  all  the  magnetic  effects  that  are 
possessed  by  piermanent  magnets.  They  attract  and  repel  magnets, 
pieces  of  wire  and  steel,  other  solenoids  in  which  there  is  a  current, 
etc.  The  magnetic  lines  pass  through  the  solenoid  from  the  south 
pole  to  the  north  pole,  and  outside  the  solenoid  from  the  north  pole 
to  the  south  pole,  just  as  in  a  permanent  magnet. 

A  simple  rule  by  which  the  polarity  of  a  solenoid  may  be  deter- 
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Fig.  87 — Crostt-section  of  a  solenoid  shoicing  lines  of  force 


mined,  if  the  direction  of  the  current  in  the  winding  is  known,  is 
as  follows:  If  you  face  one  end  of  the  solenoid  and  the  current  is 
around  the  winding  in  a  clockwise  direction,  the  end  of  the  solenoid 
nearest  you  will  be  the  south  pole  and  the  other  end  will  be  the 
north  pole.  If  the  direction  of  the  current  in  the  winding  is 
counter-clockwise  the  end  nearest  you  will  be  the  north  pole  and 
the  other  end  the  south  pole. 

Another  simple  rule  for  determining  the  polarity  of  a  solenoid 
is  as  follows:  Grasp  the  solenoid  with  the  right  hand,  placing  the 
fingers  around  it  in  the  direction  of  the  current;  the  thumb  will 
then  point  in  the  direction  of  the  north  pole,  as  shown  in  Fig.  88. 
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Magnetomotive  Force 

When  a,  current  of  electricity  is  produced  in  the  winding  of  a 
aolenbid,  it  becomes  magnetised  and  linea  of  force  pass  through 
the  interior  from  the  south  to  the  north  pole  and  return  outside 
from  the  north  to  the  south  pole.  The  current  produces  a  force 
which  drives  the  lines  of  force,  called  magnetic  fhai,  through  the 
paths  which  they  take,  called  the  magnetic  cireuit,  just  as  the 
electromotive  motive  force  in  the  electrical  circuit  causes  the  elec- 
trituty  to  flow  through  the  electrical  circuit-    Magnetic  ftux  is  meas- 


tliumb  potata  to  north  pole 

ured  in  a  unit  called  the  Maswell  and  one  Maiwell  simply  means 
1  ounce  of  force  This  force  due  to  the  electrical  current  is  callel 
wagnelomottie  /one   and  it  is  usually  abbreviate!  to  M  M  F 

The  magnetomotive  force  of  a  solenoid  is  lirectt^  praportinnal 
to  the  product  of  the  number  of  turns  in  the  solenoid  and  the 
current  in  am);ereB  the  turns  are  carrymg  If  the  number  of  turns 
in  the  winding  of  the  solenoid  is  represented  by  the  letter  N  and 
the  current  in  the  winding  by  the  letter  I  then  the  magnetomotive 
torce  will  be  greater  or  leas  as  the  product  N  X  I  iB  greater  or 
less  The  product  of  the  current  and  turns  is  called  the  ampere 
turns   and  the  same  magnetomotive  force  is  obtained  with  a  current 
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of  500  amperes  through  1  turn,  25  amperes  through  20  turns,  1 
ampere  through  500  turns,  etc.  In  each  of  the  above  cases  the 
magnetomotive  force  is  500  ampere-turns. 

In  making  magneto  calculations,  magnetomotive  force  is  usually 
measured  in  a  unit  called  the  Gilbert.  If  a  magnetomotive  force  is 
expressed  in  ampere-turns,  it  may  be  expressed  in  gilberts  by 
multiplying  the  ampere-turns  by  1.2566.  Thus  the  magnetomotive 
force  of  2  amperes  in  the  winding  of  a  solenoid  of  50  turns  is  100 
ampere-turns  or  125.66  gilberts. 

Reluctance 

The  magnetomotive  force  acting  on  any  magnetic  circuit  encoun- 
ters a  certain  opposition  to  the  production  of  a  magnetic  flux,  just 
as  the  electrical  pressure  encounters  a  certain  opposition  in  the  elec- 
trical circuit  to  the  production  of  an  electrical  current.  The 
opposition  offered  by  the  magnetic  circuit  is  called  its  reluctance, 
and  it  is  represented  by  the  letter  S.  The  reluctance  of  a  magnetic 
circuit  depends  upon  the  material  composing  the  magnetic  circuit 
and  upon  the  dimensions  of  the  magnetic  circuit.  It  varies  directly 
as  the  length  of  the  circuit,  inversely  as  the  area  of  the  circuit,  all 
other  conditions  remaining  constant,  and  inversely  as  a  property 
of  the  material  called  its  permeiibility,  which  will  be  defined  later, 
represented  by  the  symbol  M.  The  unit  in  which  reluctance  is 
measured  is  called  the  oersted. 

Permeability 

The  number  of  lines  of  force  passing  through  each  square  centi- 
meter of  cross  sectional  area  of  the  solenoid  when  there  is  a  mag- 
netic core  in  the  solenoid  is  called  the  field  strength.  The  unit  in 
which  the  field  strength  is  usually  measured  is  the  gauss,  and  it  is 
equal  to  1  line  of  force  per  square  centimeter.  Field  strength  is 
frequently  expressed  as  so  many  gilberts  per  centimeter;  that  is, 
it  is  equal  to  the  magnetomotive  force  acting  on  a  magnetic  circuit 
divided  by  the  length  of  the  circuit  in  centimeters.  Field  strength 
is  represented  by  the  letter  H.  Any  one  of  the  following  equations 
may  be  used  in  determining  the  value  of  the  field  strength: 

total  magnetic  flux  maxwells 

H  = = 

area  in  square  centimeters        square  centimeters 
This  equation  holds  true  for  a  uniform  magnetic  field  but  not  for  a 
non-uniform  magnetic  field. 


BLECTROMAGNETISM 

magnetomotive  force  gilberts 


centimeters 

If  the  magnetomotive  force  of  a  solenoid  having  a  QOn-magnetiG 
core  can  be  maintained  constant  and  an  iron  core  be  introduced  in 
place  of  the  non-magnetic  core,  the  magnetic  liui  through  the 
solenoid  will  be  greatly  increased. 

The  number  of  lines  of  force  per  square  centimeter  in  the  mag- 
netic material  is  called  the  inductUtn  density  and  it  ia  usually  rep- 
ivsented  by  the  letter  B.     The  permeability  of  a  material  maj  be 


Fig     19 — Tun    refutfi 


thought  of  as  the  ibilitj  ot  the  material  to  conduit  magnetic  flux 
a"  compared  to  air  In  making  up  a  gool  niagnetiL  circuit,  it  is 
alvpays  desirible  to  have  materials  of  high  permeabilities,  in  order 
that  the  reluctance  of  the  magnetic  circuit  may  be  low 

Ohm'a  Law  for  the  Mtignetic  Circuit 

The  magnetomotive  force  acting  as  a  mapietic  circuit,  tha 
reluctance  of  the  circuit,  and  the  magnetic  ilui  produced  are 
related  to  each  other  just  as  the  electrical  pressure  m  an  eleetncal 
circuit,  its  resistance  and  the  current  produced  arp  related  to  each 
other     This  relation  maj  be  expressed  as  follows 
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magnetomotive  force 

Magnetic  flux  = 

reluctance 

Reluctance  in  Series  and  Paralld 

A  magnetic  circuit  may  be  composed  of  several  reluctances  con- 
nected in  aeries  or  parallel  or  a  combination  of  the  two  methods 
just  as  an  electrical  circuit  may  be  composed  of  several  resistances 
connected  in  series  or  parallel  or  a  combination  of  the  two  methods. 

If  an  air  gap  be  cut  in  an  iron  ring,  as  shown  in  Pig.  89,  the 
magnetic  circuit  composed  of  the  iron  ring  and  air  gap  will  con- 
stitute a  magnetic  circuit  in  which  two   reluctances  are  in  series. 


jnd  92,   left — Maa«elomotive  }or 


The  total  reluctance  of  such  a  circuit  is  equal  to  the  sum  of  the 
relu<.taD(es  of  the  different  parts,  just  as  the  total  resistance  of  a 
series  electrical  circuit  is  equal  to  the  sum  of  the  resistances  of  the 
different  parts 

If  two  iron  rings  be  placed  side  by  sile  and  a  winding  placed 
about  both  of  them,  the  two  rings  will  constitute  a  magnetic  circuit 
in  which  two  reluLtancei  ire  in  parallel  The  two  rmgs  and  winding 
may  be  arranged  as  shown  in  Fig  90,  but  the  reluctances  of  the 
two  rings  are  still  in  parallel 

Magnetomotive  forces  in  seriet  and  pirallel  magnetomob\o  forces 
may  be  conn>,cted  in  series  and  parallel  just  is  electromotive  forces 
may  be  connected  in  series  and  pirallel      For  example,  the  mag- 
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netomotive  force  of  winding  A  in  Fig.  91  is  acting  on  the  same 
magnetio  circuit  as  the  magnetomotive  force  of  winding  E.  If 
these  two  magnetomotive  forces  both  tend  to  produce  a  magnetic 
flux  around  the  iron  ring  in  the  sane  direction,  the  total  magneto- 
motive force  acting  on  the  magnetic  circuit  will  be  equal  to  the 
Bum  of  the  two.     If,  however,  the  two  magnetomoti       f  t«nd 

to  produce  a  magnetic  flux  around  the  iron  rinj;  in  oj  p      t«  d 
tions,  the  total   or  effective  magnetomotive  force  a  t  ng     n  th 
magnetic  circuit  will  be  equal  to   the  difference  betw    n  th     tw 
magnetomotive  forces.    The  direction  of  the  effective  magne    mot 


Fig.  93 — Two  magnetomotive         Fig.  94 — Maanetic  circuitB  of 
forces  tn  series  iKiing  an  two  a  four-pole  generator 

reluctancea  in  parallel 

forces  will   correspond  to   the  direction  of  the  larger   of  the   two 
magnetomotive  forces 

The  magnetic  circuit  shown  in  Fig  93  is  composed  of  a  number 
of  reluctances  in  senes  and  two  magnetomotive  forces  in  series 
Two  magnetomotive  forces  are  shown  acting  m  series  on  two  mag 
netic  circuits  connected  in  parallel  in  Fig.  93.  The  magnetic  circuits 
of  a  four-pole  generator  or  motor  are  shown  in  Fig.  94.  In  Figs. 
87  to  94,  inclusive,  the  dotted  lines  indicate  the  path  of  the  lines 
of  force.  The  m^netomotive  force  acting  on  each  of  the  magnetic 
circuits  in  Fig.  94  is  equal  to  the  sum  of  the  magnetomotive  forces 
of  the  two  coils  wound  around  the  circuit.  Bach  coil  is  connected 
to  two  magnetic  circuits  in  Fig.  94  and  only  one-half  as  many 
ampere-turns  are  required  in  each  coil  with  this  arrangement  as 
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would  be  required  if  the  coils  were  wound  around  the  outside  por- 
tion of  the  magnetic  circuits  and  around  a  single  circuit  instead 
of  two. 

Hysteresu 

If  a  piece  of  iron  be  magnetized  and  the  magnetizing  force  then 
removed,  the  induction  density  does  not  return  to  zero  value.  A 
magnetizing  force  must  then  be  applied  in  the  opposite  direction  in 
order  to  demagnetize  the  iron.  The  induction  density  may  be  built 
up  to  the  original  maximum  value  but  in  the  opposite  direction 
by  increasing  the  magnetizing  force.  This  lag  of  the  induction 
density  behind  the  magnetizing  force  is  called  hysteresis. 

This  hysteresis  property  of  the  iron  is  supposedly  due  to  a  molecu- 
lar friction  in  the  iron,  and  it  results  in  the  iron  heating  when  it  is 
rapidly  magnetized  and  demagnetized.  Certain  grades  of  iron  show 
a  less  hysteresis  property  than  others  and  the  manufacturers  of 
electrical  equipment  endeavor  to  use  this  kind  of  iron,  all  other 
conditions  being  equal,  when  the  iron  is  subjected  to  a  rapid  mag- 
netization and  demagnetization  in  the  operation  of  tW  apparatus. 


CHAPTER  XI 

Electromagnetic  Induction 

ABOUT  1831,  Michael  Taraday  discovered  that  an  electrical 
pressure  was  produced  in  a  wire  that  was  moved  in  a  mag- 
netic field,  when  the  direction  of  the  motion  of  the  wire  was  such 
that  it  moved  across  the  imaginary  lines  of  force  forming  the 
magnetic  field.  If  this  wire  be  made  a  part  of  a  closed  electrical 
circuit,  the  electrical  pressure  produced  in  the  wire  will  cause  a 
current  of  electricity  in  the  circuit.  Electrical  pressures  produced 
in  the  above  manner  are  called  induced  pressures  or  induced  electro- 
motive forces,  and  an  electrical  current  produced  by  an  induced 
electromotive  force  is  calle<J  an  induced  current,  and  the  phenome- 
non is  called  electromagnetic  induction.  In  this  great  discovery  lies 
the  fundamental  principle  of  the  operation  of  many  forms  of  igni- 
tion, starting  and  lighting  apparatus  such  as  magnetos,  electrical 
generators,  induction  coils,  etc. 

Currents  Induced  in  a  Wire  by  a  Magnet 

If  a  wire  AB,  Fig.  95,  that  is  connected  in  series  with  a  gal- 
vanometer— an  exceedingly  sensitive  ammeter — be  moved  in  the 
magnetic  field  of  a  magnet,  the  needle  will  be  deflected  from  the 
zero  position.  This  deflection  of  the  galvanometer  is  due  to  a 
current  in  its  winding  which  is  produced  by  the  induced  electro- 
motive force  in  the  wire  that  is  moved  in  the  magnetic  field.  When 
the  movement  of  the  wire  in  the  magnetic  field  ceases,  the  galvan- 
ometer will  show  no  deflection,  which  indicates  there  is  no  current 
and  hence  no  induced  electromotive  force.  Hence,  the  wires  must 
be  actually  cutting  the  lines  of  force  that  are  supposed  to  form  the 
magnetic  field  in  order  that  there  be  an  induced  electromotive  force 
produced  in  the  wire. 

If  the  wire  were  moved  to  the  left,  as  indicated  by  the  arrow  C, 
across  the  magnetic  field  and  the  deflection  of  the  galvanometer 
happened  to  be  to  the  left,  it  will  be  found  upon  moving  the  con- 
ductor to  the  right,  as  indicated  by  the  arrow  D,  or  in  the  direc- 
tion opposite  to  its  motion  in  the  first  case,  that  the  galvanometer 
win  be   deflected   in    the   opposite   direction   from   its  zero   posi- 
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tlon.  Since  the  direction  in  which  the  indicator  of  a  galvan- 
ometer is  deflected  depends  upon  the  direction  of  the  current 
through  its  winding,  it  ie  very  apparent  that  the  direction  of  the 
circuit  in  the  second  case  is  opposite  to  what  it  was  in  the  first 
case;  and,  since  the  current  is  due  to  the  induced  electromotive 
force  in  the  wire,  it  must  also  lie  in  the  opposite  direction.  If  the 
motion  of  the  wire  in  the  magnetic  field  is  continuous  right  and 
left,  between  the  ends  of  the  magnet,  there  will  be  a  current  through 
the  galvanometer  first  in  one  direction  and  then  in  the  opposite  di- 
rection and  the  moving  part  of  tlie  galvanometer  will  swing  to  the 
right  and  left  of  the  zero  position.  The  motion  of  the  wire,  how- 
ever, may  be  rapid  enough  so  that  the  moving  part  of  the  galvan- 
ometer has  not  sufficient  time  to  take  its  proper  position  with  re- 
spect to  the  current  in  the  circuit,  and  as  a  reault  it  remains  prac- 


tically at  zero,  the  movement  or  deflection  to  the  right  or  to  the 
left  being  very  small. 

The  same  results  can  be  obtained  when  the  magnet  is  turned 
over  and  the  south  pole  is  at  the  top  and  the  north  pole  at  the 
bottom,  except  rhat  the  deflection  of  the  galvanometer  due  to  a 
given  direction  of  motion  of  the  wire  will  be  just  the  reverse  of 
what  it  was  with  the  magnet  in  the  original  position.  This  shows 
that  there  is  some  definite  relation  betwen  the  direction  of  motion 
of  the  conductor,  the  direction  of  tbe  magnetic  field  and  the  direc- 
tion in  which  the  induced  pressure  acts. 

If  the  wire  were  held  stationary  and  the  magnet  moved,  the  same 
results  would  be  obtained  as  though  the  wire  were  moved  between 
the  poles  of  the  magnet  with  the  magnet  stationary.    Hence,  if  is 


ELECTROMAGNETIC  INDUCTION  143 

only  necessary  that  there  be  a  relative  movement  of  the  wire  and  the 
magnetic  field;  either  may  remain  stationary. 

An  electromagnet  may  be  used  instead  of  a  permanent  magnet 
and  the  same  results  will  be  obtained  under  quicker  conditions. 

If  the  wire  be  moved  very  slowly  across  the  magnetic  field,  the 
galvanometer  will  be  deflected  to  a  smaller  extent  than  it  would  be 
if  the  wire  were  moved  faster  across  the  magnetic  field.  This  de- 
flection of  the  galvanometer  depends  upon  the  value  of  the  current 
sent  through  it  and  since  the  deflection  is  smaller  when  the  wire  is 
moved  slowly  than  it  is  when  the  wire  is  moved  fast,  it  must  follow 
that  the  induced  pressure  for  a  slow  movement  of  the  wire  is  less 
than  it  is  for  a  fast  movement,  even  though  all  the  magnetic  lines 
forming  the  magnetic  field  be  cut  in  each  case.  The  above  experi- 
mentally determined  results  show  that  the  value  of  the  induced 
electromotive  force  in  a  wire,  due  to  a  relative  movement  of  a  wire 
and  a  magnetic  field,  depends  upon  the  velocity  of  the  wire.  If  a 
second  wire  be  connected  in  series  with  the  first,  so  that  the  induced 
electromotive  forces  act  in  the  same  direction,  the  resultant,  or 
effective,  electrical  pressure  is  increased.  This  is  equivalent  to  in- 
creasing the  length  of  the  wire  in  the  magnetic  field. 

The  electrical  pressure  may  be  increased  by  placing  a  second 
magnet  along  the  side  of  the  first  so  that  the  like  poles  are  adjacent. 
This  second  magnet  increases  the  strength  of  the  magnetic  field  and 
the  wire  cuts  more  lines  of  force  when  it  is  moved. 

If  the  wire  be  moved  in  a  path  parallel  to  the  lines  of  force  form- 
ing the  magnetic  field  there  will  be  no  deflection  of  the  galvan- 
ometer, which  indicates  there  is  no  current  in  the  circuit  and  hence 
no  induced  electrical  pressure  produced  in  a  wire  due  to  its  move- 
ment with  respect  to  a  magnetic  field.  The  path  in  which  the  wire 
moves  must  make  some  angle  with  the  direction  of  the  magnetic 
lines  of  force.  The  value  of  the  induced  pressure  due  to  the  move- 
ment of  a  wire  and  a  magnetic  field  with  respect  to  each  other  will 
increase  as  the  angle  between  the  direction  of  the  lines  of  force  and 
the  path  in  which  the  wire  moves  increases,  and  it  will  be  a  maximum 
when  the  wire  moves  in  a  path  perpendicular  to  itself. 

There  will  be  an  induced  pressure  set  up  in  the  wire  even  though 
the  circuit  of  which  the  wire  forms  a  part  be  open.  This  induced 
pressure  will  exist  between  the  terminals  of  the  circuit  where  it  is 
opened  just  the  same  as  an  electrical  pressure  exists  between  the 
terminals  of  a  battery  that  is  on  an  open  circuit. 
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The  queetion  arises:  Is  the  magnet  weakened  when  it  is  used  in 
producing  induced  pressures  in  a  wire  and  if  not,  what  is  the  source 
of  energy  that  causes  the  current  to  exist  in  the  wire  ?  •  The  magnet 
is  in  no  ,way  weakened  when  it  is  used  as  described  and  the  in- 
duced current'  is  produced  by  the  expenditure  of  muscular  energy  in 
moving  the  wire,  just  as  the  expenditure  of  chemical  energy  in  a 
cell  produces  an  electrical  current  in  a  closed  electrical  curcuit  in 
which  the  cell  is  concealed. 

When  a  wire  with  a  current  in  it  is  located  in  a  magnetic  field 
there  is  a  force  acting  on  the  wire  which  tends  to  cause  the  wire  to 
move  across  the  field.  The  direction  of  this  force  is  just  the 
opposite  to  the  one  that  must  be  applied  to  the  wire  to  cause  it'  to 
move,  so  there  will  be  an  induced  pressure  set  up  in  the  wire  which 
will  produce  the  current.  In  other  words,  the  induced  pressure  set 
up  in  a  wire  will  always  be  in  such  a  direction  that  the  current 
produced  by  it  will  oppose  the  motion  of  the  wire. 

Current  Induced  in  a  Coil  by  Moving  a  Magnet 

If  a  coil  of  wire  be  connected  in  series  with  a  galvanometer  as 
shown  in  Fig.  96,  a  deflection  of  the  galvanometer  indicator  can  be 
produced  by  thrusting  the  magnet  in  and  out  of  the  coil.  The  fact 
that  part  of  the  galvanometer  indicator  is  deflected  when  the  mag- 
net is  moved  inside  the  coil  is  proof  that  there  is  a  current  pro- 
duced in  the  circuit  and  it  must  be  due  to  an  induced  pressure. 
When  the  magnet  is  thrust  into  the  coil,  a  deflection  of  the  galvan- 
ometer indicator  will  be  produced,  say,  to  the  right,  and  when  the 
magnet  is  withdrawn  the  galvanometer  indicator  will  move  to  the 
left.  If  the  magnet  be  turned  end  for  end,  the  deflections  of  the 
galvanometer  indicator  will  be  just  the  reverse.  If  the  coil  itself 
be  turned  end  for  end  and  the  magnet  placed  in  its  original  position 
the  deflection  of  the  galvanometer  indicator  produced  by  a  move- 
ment of  the  magnet  in  or  out  of  the  coil  will  correspond  in  direction 
to  those  produced  when  the  coil  was  in  its  original  position  and  the 
magnet  had  been  turned  end  for  end. 

If  the  coil  be  moved  on  or  off  the  magnet,  the  same  results  will 
be  obtained  as  when  the  magnet  was  moved  in  or  out  of  the  coil. 
The  value  of  the  induced  pressure  in  this  case,  as  in  the  previous 
one  when  the  wire  was  moved  in  the  magnetic  field,  will  depend 
upon  the  velocity  with  which  the  magnetic  field  and  coil  move  with 
respect  to  each  other. 
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If  the  number  of  tumB  of  wire  compOBing  the  coil  be  increased 
or  decreaaed,  there  will  be  a  eorreBponding  increase  or  decrease  in 
the  value  of  the  induced  pressure  in  the  winding  of  the  coil  due  to 
R  given  movement  of  the  coil  and  magnet  with  respect  to  each  other. 
The  induced  pressure  in  the  various  turns  of  the  coil  will  all  act  in  the 
aame  direction,  and  the  effective  pressure  is  equal  to  the  sum  of  the 
induced  pressures  in  the  various  turns.  The  induced  pressure  in 
each  of  the  turns  will  have  the  same  value  at  anj  instant,  provided 
each  turn  is  cutting  the  same  number  of  lines  of  foree  at  that  par- 
ticular instant. 

Value  of  the  Induced  Pressure 

From  the  discussion  at)ove,  it  is  seen  that  the  induced  pressure 
in  an  electrical  circuit  depends  upon  the  following  things: 

(a)  The'vetocitj  of  the  wire  and  the  magnetic  field  with  respect 
to  each  other.  The  greater  the  velocity,  the  grea*'er  the  induced 
pressure,   all  other  things   remaining  constant. 


(b)  The  strength  of  the  magnetic  field,  that  is  the  number  of 
lines  of  force  per  square  centimeter.  The  stronger  the  field,  the 
greater  the  induced  pressure,  all  other  things  remaining  constant. 

(c)  The  angle  the  path  in  which  the  wire  moves  makes  with  the 
direction  of  the  magnetic  field.  The  nearer  this  path  is  to  being 
at  right  angles  with  the  direction  of  the  magnetic  field  and  the 
axis  of  the  wire,  the  greater  the  induced  pressure. 

(d)  The  length  of  the  wire  actually  in  the  magnetic  field.  The 
more  wire  there  is  in  the  magnetic  field,  the  greater  the  induced 
pressure,  all  other  things  increasing  constant. 

All  of  the  above  facts  can  be  condensed  with  the  following  simple 
statement:     The  value  of  the  induced  pressure  in  any  electrical 
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circuit  depends  upon  the  rapidity  with  which  the  wire  forming  the 
circuit  cuts  magnetic  lines  of  force;  that  is,  it  depends  upon  the 
number  of  lines  of  force  cut  per  second  by  the  wire. 

When  the  wire  outs  one  hundred  million  lines  in  each  second  dur- 
ing its  movement  with  respect  to  the  magnetic  field,  an  electrical 
pressure  of  1  volt  will  he  induced  in  the  wire. 

If  the  wire  cuts  line  of  force  at  the  rate  of  two  hundred  million 
lines  of  force  per  second,  the  induced  pressure  will  be  2  volts;  and 
if  the  wire  cifts  six  hundred  million  lines  of  force  per  second,  there 
will  be  an  induced  pressure  of  6  volt's.  If  the  circuit  in  which  this 
induced  pressure  is  produced  be  closed,  there  will  be  a  current  pro- 
duced equal  in  value  to  the  induced  pressure  divided  by  the  total 
resistance  of  the  circuit. 


Fig.  97 — Direction  of  induced  current  depends  upon  direction 

of  motion 

Example:  A  wire  cuts  across  a  magnetic  field  of  10,000,000 
lines  of  force  60  times  per  second.  (The  conductor  always  moves 
across  the  field  in  the  same  direction.)  What  is  the  value  of  the 
pressure  induced  in  the  wire? 

Solution:  A  wire  cutting  10,000,000  lines  of  force  60  times  per 
second  is  equivalent  to  a  conductor  cutting  60X10,000,000,  or  600,- 
000,000  lines  of  force  once  per  second.  If  a  conductor  cut's  600,.- 
000,000  lines  of  force  per  second,  the  value  of  the  induced  pressure 
will  be  equal  to  600,000,000  divided  by  100,000,000  or  6  volts. 

Direction  of  Induced  Pressure 

From  the  previous  discussion,  it  is  seen  that  the  direction  of  the 
induced  pressure  depends  upon  the  direction  of  the  magnetic  field 
and  the  direction  in  which  the  conductor  is  moved  with  respect  to 
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ttie  magnetic  field.  If  a  metal  rod  be  bent  int^)  the  form  shown  by 
A  B  C  D,  Fig  97,  and  a  second  rod  E  F  be  placed  across  the  enda 
of  the  first  rod  and  the  eombinatlon  placed  in  a  magnetic  Geld  aa 
shown  by  the  vertical  atrons  in  the  figure,  there  will  be  a  current 
around  the  circuit  thus  formed  when  the  conductor  B  F  is  moved  to 
the  right  or  to  the  left  of  the  initial  position.  When  the  conductor 
E  F  is  moved,  it  cuts  some  of  the  lines  of  force  of  the  magnetic  field 
and  there  is  an  induced  pressure  produced  in  it  which  in  turn  pro 
duces  the  current.  The  direction  of  this  current  will  be  increased 
where  the  direction  of  the  motion  of  E  F,  or  the  direction  of  the 
magnetic,  is  reversed. 

When  the  wire  E  F  is  moved  to  the  right,  the  end  F  is  positive 
and  the  other  end  E  is  negative,  or  the  electrical  pressure  induced 
in   the   wire  tends   to   send   a   current  around   the   circuit   from   F 
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Fig.  98 — The  lines  of  force  might  be  thought  of 

<u  elastic  bands   that  are  puthfd  attde 

when  the  atirc  f«  moved,  then  break 

and  joia  on  the  other  side 

through  B  and  C  to  E.  The  wire  E  F  is  the  part  of  the  circuit  in 
which  the  pressure  is  generated  and  the  electricity  will  tiow  from 
a  point  of  one  pressure  to  a  point  of  higher  pressure  just  aa  in  the 
case  of  the  battery. 

Determining  the  Direction  of  Presaure 

A  simple  way  of  determining  the  direction  of  the  induced 
pressure  when  the  direction  of  motion  of  the  wire  and  the  mag- 
netic field  are  known  is  as  follows:  Suppose  a  wire  A,  Fig.  98,  is 
moved  toward  the  right,  as  indicated  by  the  horizontal  arrow  B,  in 
a  magnetic  field  where  direction  is  downward,  aa  shown  by  the  small 
arrow  heads  at  the  bottom  of  the  figure.     The  lines  of  force  might 
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be  thought  of  as  elaetic  bends  that  are  pushed  aeide  when  the  wire 
is  moved  in  tlie  magnetic  field,  but  finally  break  und  join  on  the 
left  side  of  t^e  wlte,  leaving  a  line  linked  around  the  conductor  as 
shown  b^  the  circles  0  and  B.  The  direction  of  tlieae  lines  of  force 
about  the  conductor  is  clockwise  and  they  correspond  to  lines  pro- 
duced by  a  current  toward  the  paper,  or  away  from  the  observer. 
Hence,  the  direction  of  tbe  induced  electrical  pressure  is  toward  the 
paper.  It  must  be  remembered  that  the  electricity  travels  up  hill 
electrically  in  this  part  of  the  circuit  just  as  in  the  case  of  a  cell. 
One  of  the  best  rules  for  remembering  the  relation  between  the 
direction  of  the  magnetic  field,  the  direction  in  which  the  wire 
moves  and  the  direction  of  the  induced  electrical  pressure  is  known 
as  Fleming's  Right-Hand  Rule  and  it  is  as  follows;    Place  the  thumb 


of  induced  c 

and  first  and  second  fingers  of  the  right  hand  all  at  right  angles  to 
each  other.  Now  turn  the  hand  into  such  a  position  that  the  thumb 
points  in  the  direction  of  the  motion  of  the  wire  and  the  first  finger 
points  in  the  direction  of  the  magnetic  field,  then  the  second,  or 
middle,  finger  nOl  point  in  the  direction  of  the  ioduccd  pressniSt 
An  illUBtoltloa  of  the  Right-Hand  Rule  is  shown  in  Pig.  99. 
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Prinuyy  and  Secondary  CoDs 

If  a  coil  of  wire  8  be  connected  in  series  with  a  galvanometer  aa 
sbown  In  Pig.  100,  and  a  second  coil  P  that  haa  the  winding  con- 
nected to  a  battery  be  moved  into  or  out  of  the  coil  S,  there  will  be 
a  deflection  of  the  galvanometer,  just  as  though  a  permanent  mag- 
net had  been  uaed  instead  of  the  coil  P.  The  coil  S,  in  which  the 
induced  pressure  is  produced,  is  called  the  secondary  and  the  coil 
P,  in  which  the  inducing  current  eiists,  is  called  tiie  primary. 

There  are  a  number  of  different  ways  of  producing  an  induced 
pressure  in  tlie  secondary  coil  besides  moving  the  primary  coil  with 
respect  to  the  secondary  coil.  Fonr  of  these  methods  are  as  follows: 


extalSj  ig  the  primary  toil 

(Both  coils  are  stationary  and  one  surrounds  the  other  or  they  are 
both  wound  on  the  same  magnetic  circuit.) 

(a)  By  making  or  breaking  the  primary  circuit:  Imagine  two 
w-ires  A  B  and  C  D,  Fig.  101,  that  are  parallel  to  each  other  and 
very  near  together  but  connected  in  two  electrically  independent 
circuits.  The  wire  A  B  is  in  aeries  with  the  galvanometer  G  and 
constitutes  the  secondary  circuit.    The  wire  C  D  is  in  series  with  a 
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battery  E  and  a  switch  K  which  may  be  used  in  opening  and  clos- 
ing the  primary  circuit.  When  the  primary  circuit  is  completed  by 
closing  the  switch  K  there  will  be  a  current  through  the  wire  C  D 
from  C  toward  D.  This  circuit  will  produce  a  magnetic  field  about 
the  wire  C  D  and  the  lines  of  force  of  this  magnetic  field  will  cut 
the  wire  A  B,  which  will  result  in  an  induced  pressure  being  pro- 
duced in  the  wire  A  B  and  causing  a  current  from  A  toward  B.  The 
direction  of  the  induced  pressure  can  be  determined  by  means  of  the 
Right-Hand  Rule.  There  will  be  an  induced  pressure  produced  in 
the  wire  A  B  for  p  period  of  time  corresponding  to  the  time  required 
to  establish  the  ^.jrrent  in  the  primary.  As  soon  as  the  current  in 
the  primary  becomes  steady  there  will  be  no  movement  of  the  mag- 
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Fig,  101— How  current  itt  produced  in  an  induction  coll 

netie  field  and  the  conductor  A  B  with  respect  to  each  other.  When 
the  current  in  the  wire  C  D  is  increasing  in  value,  the  magnetic  field 
surrounding  the  wire  is  expanding  and  moving  outward  across  the 
conductor  A  B. 

If,  now,  the  primary  circuit  be  broken,  the  magnetic  field  sur- 
rounding the  wire  C  D  will  collapse  and,  as  a  result,  the  wire  A  B 
will  cut  the  magnetic  field  again,  but  in  the  opposite  direction  to 
that  when  the  current  in  the  wire  C  D  was  being  established.  There 
will  be  a  current  produced  in  the  secondary  circuit  that  is  practi- 
cally constant  in  duration,  if  the  primary  circuit  is  made  and  broken 
a  sufficient  number  of  times.  The  current  produced  in  the  second- 
ary circuit  is  called  an  alternating  current  because  it  alternates  in 
direction,  it  being  in  one  direction  when  the  current  in  the  primary 
is  increasing  in  value  and  in  the  opposite  direction  when  the  current 
in  the  primary  is  decreasing  in  value. 

The  wires  forming  the  primary  and  secondary  circuits  are  usu 
ally  wound  into  coils,  and  they  may  be  placed  side  by  si  do  cr  out 
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outside  the  other.  The  pressure  induced  in  the  secondary  due  to  a 
given  change  of  current  in  the  primary  in  a  certain  time  can  be 
greatly  increased  hy  placing  the  two  windings  on  an  iron  core.  The 
magnetic  field  that  passes  through  the  two  windings,  due  to  the  cur- 
rent in  the  primary,  is  a  great  deal  stronger  when  they  are  placed 
on  the  iron  core  than  it  is  when  an  air  core  is  used  and,  as  a  re- 
sult, a  greater  number  of  lines  of  force  will  cut  the  secondary  wind- 
ing when  the  primary  circuit  is  completed  or  broken. 

The  induction  coil  consists  of  two  windings,  a  primary  and  a  sec- 
ondary placed  upon  an  iron  core  with  a  suitable  device  connected 


/ 


dECOHOARY  I 

onfMnrnmrfT 

,JUUUUUUL 


PRIMAHY 


INTERRUPTER. 


H 


Fiff.  X02 — How  the  induction  coil  is  applied  to  the  ignition  of 

a  motor  car  enainc 

to  tlic  primary  circuit  for  interrupting  the  primary  current.  The 
relation  between  the  pressure  acting  on  the  primary  winding  and 
the  induced  pressure  produced  in  the  secondary  winding  is  practi- 
cally the  same  as  the  relation  between  the  number  of  turns  of  wire 
in  the  primary  and  secondary  windings. 

This  is  the  method  used  in  the  simplest  battery  and  coil  ignition 
system  as  illustrated  in  Fig.  102.  The  spark  plug  in  Fig.  102  re- 
places the  galvanometer  in  Fig.  101  and  the  interrupter,  or  circuit 
breaker,  replaces  the  switch  K.  The  interrupter  simply  is  an  auto- 
matic switch  which  rapidly  opens  and  closes  the  circuit.  The  wire 
between  A  and  G  in  Fig.  101  is  replaced  in  the  ignition  system  by 
the  metal  of  the  engine  between  the  spark  plug  and  the  coil  terminal 
as  shown  in  Fig.  102. 

(b)  Varying  the  strength  of  the  current  in  the  primary:  This  in 
reality  is  practically  the  same  as  the  previous  method  except  the 
primary  circuit  is  not'  entirely  opened.  Any  change  in  the  value  of 
the  primary  current  will  result  in  a  change  in  the  magnetic  field 
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surrounding  the  primary  winding  and  as  this  field  expands  or  con- 
tracts, it  will  cut  the  wire  composing  the  secondary  circuit  and  as  a 
result  there  will  be  an  induced  pressure  set  up  in  the  secondary 
winding.  The  direction  of  this  induced  pressure  will  depend  upon 
whether  the  field  is  expanding  or  contracting,  which,  in  turn,  de- 
pends upon  the  change  of  current  in  the  primary  winding — ^whether 
it  be  increasing  or  decreasing. 

(c)  Reversing  the  current  in  the  primary:  If  a  switch  were  con- 
structed so  that  its  operation  would  reverse  the  current  in  the  pri- 
mary winding  of  an  induction  coil  at  regular  intervals,  there  would 
be  an  induced  pressure  produced  in  the  secondary  winding  due  to  a 
change  in  the  strength  of  the  magnetic  field  through  the  two  wind- 
ings. This  method  is  applied'  in  practice  in  what  is  called  the  trans- 
former. The  switch,  however,  is  not  used  as  the  current  in  the  pri- 
mary winding  is  an  alternating  current,  a  current  that  is  reversing 
in  direction  at  regular  intervals. 

(d)  Moving  a  portion  of  the  magnetic  circuit  about  which  the 
windings  are  placed:  The  magnetic  field  produced  by  a  given  value 
of  current  in  the  primary  winding  of  an  induction  coil  will  depend 
upon  the  kind  of  material  composing  the  magnetic  circuit,  whether 
it  is  a  material  of  low  or  high  permeability.  If  the  core  upon  which 
the  windings,  are  placed  or  a  part  of  the  magnetic  circuit  be  moved 
so  as  to  change  the  resistance  of  the  magnetic  circuit,  there  will  be 
a  change  in  the  number  of  lines  of  force  through  the  windings  and, 
as  a  result,  there  will  be  an  induced  electrical  pressure  produced  in 
the  windings.  If  the  resistance  of  the  magnetic  circuit  be  increased, 
there  will  be  a  decrease  in  the  number  of  lines  of  force,  and  if  th© 
resistance  be  decreased  there  will  be  an  increase  in  the  number  of 
lines  of  force,  all  other  things  remaining  unchanged.  When  the 
lines  of  force  through  the  windings  decrease,  there  will  be  an  in- 
duced pressure  set  up  in  the  windings  in  the  opposite  direction  to 
that  set  up  when  the  magnetic  lines  of  force  increase.  This  principle 
is  employed  in  what  are  called  the  inductor  types  of  magnetos. 

Mutual  Induction 

The  reaction  of  two  independent  electrical  circuits  upon  each 
•ther  is  called  mutual  induction.  These  circuits  must  be  so  placed 
with  respect  to  each  other  that  the  magnetic  field  due  to  the  current 
in  either  of  them  will  produce  an  effect  in  the  other.  The  induction 
coil,  or  ignition  spark  coil,  is  a  fine  example  of  the  practical  appli« 
cation  of  mutual  induction. 
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If  the  value  of  the  current  in  a  wire  be  changed  in  any  way  there 
will  be  a  change  in  the  strength  of  the  magnetic  field  surrounding 
the  wire.  This  change  in  the  strength  of  the  magnetic  field  will 
produce  an  induced  pressure  in  the  wire  in  which  the  current  is 
changing  in  value  just  as  though  the  magnetic  field  were  changed  in 
strength  by  a  current  in  an  independent  electrical  circuit.  This 
property  of  a  circuit  which  results  in  an  electrical  pressure  being 
produced  in  the  circuit  when  there  is  a  change  in  the  value  of  the 
current  in  the  circuit  is  called  the  self  inductance  of  the  circuit. 
When  a  coil  carrying  a  current'  has  its*  circuit  broken,  there  will  be 
a  spark  formed  at  the  break  due  to  the  induced  pressure.  The  value 
of  this  induced  pressure  depends  upon  the  form  of  the  coil  and  the 
kind  of  material  associated  with  the  coil.  A  straight  wire  will  have 
a  small  pressure  induced  in  it  when  the  circuit  is  broken,  as  the  mag- 
netic field  surrounding  the  wire  is  not  very  strong.  If  the  wire  be 
bent  into  a  coil,  the  induced  pressure  will  be  greater  than  that  for 
the  straight  wire,  as  very  nearly  all  the  magnetic  lines  of  force  pro- 
duced by  each  turn  of  the  coil  cut  all  the  other  turns  of  the  coil 
and  the  total  number  of  lines  of  force  cut  by  the  wire  forming  the 
coil  is  greatly  increased.  This  induced  pressure  can  be  increased 
f  iirther  by  providing  the  coil  with  an  iron  core,  which  increases  the 
field  strength  caused  by  any  given  current  in  the  winding. 

In  make-and-break  ignition,  it  is  desirable  to  have  a  hot  spark 
at  the  point  where  the  circuit  is  broken  inside  the  cylinder,  and  for 
this  reason  a  coil  having  a  rather  high  self  inductance  is  usually 
connected  in  series,  which  results  in  a  large  arc  or  spark  being 
formed  when  the  circuit  is  broken. 

Unit  of  Inductance 

A  circuit  is  said  to  have  a  self -inductance  of  1  henry  when  there 
is  an  electrical  pressure  of  1  volt  induced  in  the  circuit  due  to  a 
change  in  the  value  of  the  current  in  the  circuit  of  1  ampere  in  1 
second.  That  is,  if  the  current  changes,  say,  from  2  to  3  amperes 
in  1  second  and  there  is  an  induced  pressure  of  1  volt,  the  circuit 
is  said  to  have  a  self  inductance  of  1  henry. 

The  mutual  inductance  between  two  circuits  is  measured  in  the 
^amc  unit  as  the  self  inductance  of  a  single  circuit.  If  the  current 
in  one  circuit  changes  at  the  rate  of  1  ampere  per  second  and  as  a 
result  of  this  change  there  is  an  induced  pressure  of  1  volt  pro- 
duced in  a  second  circuit,  the  two  circuits  are  said  to  have  a  mutual 
inductance  of  1  henry. 


CHAPTER  Xn 

Generators  and  Motors 

A  DYNAMO  is  a  machinjB  for  converting  mechanical  energy 
into  electrical  energy  or  electrical  energy  into  mechanical 
energy  by  means  of  electromagnetic  induction.  The  dynamo,  when 
used  to  transform  mechanical  energy  into  electrical  energy,  is 
called  a  generator,  and  when  it  is  used  to  transform  electrical 
energy  into  mechanical  energy,  it  is  called  a  motor.  Bear  in  mind 
that  the  generator  does  not  create  electricity,  but  simply  imparts 
energy  to  it,  just  as  energy  is  imparted  to  the  electricty  as  it 
passes  through  the  primary  cell. 

The  dynamo  consists,  fundamentally,  of  two  parts — a  magnetic 
field,  which  may  be  produced  by  permanent  magnets  or  electro- 
magnets, and  an  armature,  which  consists  of  a  loop  of  wire  or  a 
number  of  loops,  usually  wound  or  mounted  on  an  iron  core  or 
frame  and  so  arranged  that  there  may  be  a  relative  movement  of 
the  magfnetic  lines  of  force  forming  the  magnetic  field  and  the 
loop  of  wire.  The  movement  of  the  loop  of  wire  and  the  magnetic 
lines  of  force  with  respect  to  each  other  results  in  there  being  an 
electrical  pressure  produced  in  the  loop. 

Simple  Alternator 

If  a  single  loop  of  wire  is  revolved  in  the  magnetic  field  of  a 
permanent  magnet  as  shown  in  Fig.  103,  there  will  be  an  electrical 
pressure  induced  in  the  two  sides  of  the  loop.  If  the  terminals 
of  the  loop  be  connected  to  two  metal  rings  C  and  D  upon  which 
brushes  rest,  this  induced  electrical  pressure  will  produce  a  cur- 
rent in  a  circuit,  such  as  a  lamp,  when  it  is  connected  to  the 
brushes.  The  direction  of  the  induced  electrical  pressure  in  the 
two  sides  of  the  loop  may  be  determined  by  a  simple  application 
of  Fleming's  generator  rule,  as  given  in  a  previous  installment. 

The  motion  of  one  side  of  the  loop  with  respect  to  the  magnetic 
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£eld  is  just  the  reverse  to  the  motion  of  the  othei"  side.  As  a 
result  of  this  difference  in  motion  of  the  two  sides  of  the  loop  with 
respect  to  the  magnetic  field,  the  electrical  pressure  induced  in  a 
side  of  the  loop  will  be  from  the  observer,  while  that  induced 


Fig.  103 — The  principle  of  the  generator.  This  is  the  simpleat 
alternating-current  generator,  in  which  a  loop  of  wire  is  revolved 
about  an  axis  A  B  in  a  magnetic  field  represented  by  the  arrows 
passing  between  the  poles  N  and  8  of  a  magnet.  The  induced  cur- 
rent caused  by  the  wire  cutting  the  lines  of  force  is  taken  off  the 
collector  rings  C  and  D  by  brushes  to  which  the  outside  circuit  is 
connected 


in  the  other  side  will  be  toward  the  observer.  These  electrical 
pressures  are  in  series  and  since  their  directions  are  opposite  with 
respect  to  the  observer,  they  both  tend  to  produce  a  current  in 
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the  same  direction  around  the  loop.  There  will  be  no  induced  elec- 
trical pressure  in  the  ends  of  the  loop  since  they  cut  no  lines 
of  force. 

The  electrical  pressure  induced  in  either  side  of  the  loop  at  any 
instant  will  depend  upon  the  number  of  magnetic  lines  cut  in 
one  second,  or  the  rate  at  which  the  lines  are  being  cut.  This 
rate  of  cutting  of  the  magnetic  lines  will  depend  upon  the  length 
of  the  two  sides  of  the  loop  in  the  magnetic  field,  the  strength 


Fig.  104 — Curve  ahowing  the  variation  of  electrical  pressure 
induced  in  a  loop  of  tcire  when  it  is  revolved  in  a  mtignetic  field. 
This  represents  a  complete  revolution  of  the  loop,  and  it  tcill  be 
seen  that  the  pressure  increases  from  zero  to  a  majnmum  during 
the  first  quarter,  decrea>ses  to  zero  during  the  second,  then  changes 
in  direction.     This  causes  the  alternating  of  the  current 


of  the  magnetic  field  and  the  number  of  revolutions  per  second. 
Assuming  the  strength  of  the  magnetic  field  is  uniform,  that  it 
is  the  same  at  every  part  of  the  field  and  it  remains  constant  in 
value,  and  the  loop  revolves  about  its  axia  at  a  constant  speed, 
then  the  induced  pressure  in  the  loop  will  change  in  value,  due 
only  to  a  change  in  the  direction  of  motion  of  the  two  sides  of 
the  loop  with  respect  to  the  magnetic  field. 

Thus,  when  the  loop  is  in  the  horizontal  position,  the  direction 
of  the  field  also  being  horizontal,  the  two  sides  of  the  loop  will 
be  moving  in  a  path,  just  for  an  instant,  perpendicular  to  the 
direction  of  the  magnetic  field,  and  the  rapidity  with  which  the 
two  sides  of  the  loop  are  cutting  the  lines  of  force  is  greatest, 
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hence  the  induced  electrical  pressure  in  the  loop  is  zero  for  this 
position  of  the  loop.  The  value  of  the  induced  electrical  pressure 
for  positions  intermediate  between  those  just  given  will  depend 
upon  how  fast  the  sides  of  the  loop  are  actually  moving  across 
the  magnetic  field. 

A  curve  may  be  drawn  which  will  show  graphically  the  re- 


Fig,  105 — Simplest  direct-current  generator — a  single  loop  and  a 

ttoo-segment  commutator 


lation  between  the  induced  electrical  pressure  in  the  loop  and 
its  position  with  respect  to  a  plane  perpendicular  to  the  magnetic 
field.  Draw  a  line  A  B,  as  in  Fig.  104^  and  divide  this  line  into, 
say,  twelve  equal  parts;  each  part  will  then  correspond  to  30  de- 
grees movement  of  the  coil  or  loop  about  its  axis.  Start  with  the 
coil  in  a  plane  perpendicular  to  the  magnetic  field,  and  let  this  cor- 
respond to  the  point  A  in  the  figure ;  the  electrical  pressure  induced 
in  the  loop  for  any  movement  from  this  position  should  be  meas- 
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ured  off  to  a  convenient  scale  on  a  perpendicular  line  drawn 
through  the  point  on  A  B,  corresponding  to  the  displacement  of 
the  loop.  Thus^  the  electrical  pressure  will  be  a  maximum  when  the 
loop  has  rotated  through  an  angle  of  90  degrees.  It  then  decreases 
as  the  angle  increases  from  90  degrees  to  180  degrees  and  becomes 
equal  to  zero  when  the  loop  has  rotated  through  an  angle  of  180 
degrees.  The  direction  of  the  movement  of  the  two  side?  of  the 
loop  with  respect  to  the  magnetic  field  changes  just  as  the  coil 
passes  the  180-degree  position  and^  as  a  result,  the  direction  of 
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Fig.  106 — Curve  showing  the  variation  in  electrical  pressure  pro- 
duced by  a  generator  with  a  two-segment  commutator.  It  will  be 
seen  that  the  portion  of  the  curve  helow  the  line  in  Fig,  104  is  now 
above  the  linCj  and  the  current  all  is  in  the  same  direction 


the  induced  electrical  pressure  changes.  The  numerical  values 
of  the  reduced  pressure  for  the  second  180  degrees  are  identical 
to  those  for*  the  first  180  degrees,  but  they  act  around  the  loop 
in  the  opposite  direction  and  are  said  to  be  opposite  in  sign.  The 
difference  in  the  sign  is  represented  in  the  curve  by  drawing  the 
second  part  of  the  curve  below  the  horizontal  line. 

Such  a  curve  represents  the  change  in  pressure  of  a  simple 
alternating  current  generator. 

Simple  Direct-Current  Generator 

The  electrical  pressure  induced  in  the  loop  of  wire  described  in 
the  previous  section  may  be  made  to  produce  a  direct  current — one 
that  is  constant  in  direction  in  the  external  circuit  in  the  follow- 
ing way:  Suppose  the  two  continuous  metallic  rings  be  replaced 
by  a  single  ring  composed  of  two  parts  that  are  insulated  from 
each  other,  the  distance  between  the  ends  of  the  two  parts  com- 
posing the  ring  being  small  in  comparison  to  the  total  circum- 
ference of  the  combined  ring.    If  the  two  ends  of  the  loop  be  con- 
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nected  to  these  two  parts  of  the  ring,  which  are  called  segments, 
and  two  brushes  that  are  insulated  from  each  other  be  so  mounted 
with  respect  to  each  other  that  they  rest  upon  the  insulation 
between  the  segments  when  the  induced  electrical  pressure  in 
the  loop  is  zero,  the  connection  of  the  external  circuit  with  respect 


Fig,  107 — >A  direct-current  generator  having  two  loops  of  wire 
and  four  segments  in  the  commutator.  This  makes  the  pressure 
more  even  as  indicated  in  Fig.  108.  When  one  loop  is  cutting 
the  fewest  lines  of  force,  the  other  is  cutting  the  greatest  number 


to  the  loop  will  be  reversed  at  the  same  instant  the  direction 
of  the  induced  electrical  pressure  in  the  loop  changes.  This  results 
in  the  induced  electrical  pressure  in  the  loop  always  tending  to 
send  a  current  through  the  external  circuit  in  the  same  direction. 
The  proper  arrangement  of  loop,  segments  and  brushes  is  shown 
diagrammatically  in  Fig.  105.  Such  a  machine  constitutes  a  simple 
direct-current  generator,  because  it  delivers  a  current  to  the  ex- 
ternal circuit  in  one  direction.     The  two-part  ring  constitutes  a 
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simple  commutator  of  two  segments  and  its  purpose,  as  pointed 
out,  is  to  reverse  the  connection  of  the  external  circuit  with  re- 
spect i;o  armature  winding,  or  vice  versa,  so  that  the  induced  elec- 
trical pressure  in  the  winding  will  send  a  direct  current  through 
the  external  circuit.  A  curve  showing  the  variation  in  the  elec- 
trical pressure  between  the  two  brushes  on  a  two-segment  com- 
mutator is  shown  in  Fig  106.  An  electrical  pressure  such  as  that 
represented  in  Fig.   106  is  called   a  pulsating  electrical  pressure. 


Fig.  108 — Curve  showing  the  variation  in  electrical  pressure  be- 
tween the  brushes  of  a  direct-current  generator  having  two  loops 
of  wire  and  four  segments  in  the  commutator.  When  the  pressure 
in  one  loop  is  zero,  the  pressure  in  the  other  loop  is  greatest,  so 
that  the  pressure  is  more  nearly  uniform  than  is  the  case  with  one 
loop  only 

because  it  pulsates  or  changes  from  zero  to  a  maximum  and  back 
to  zero  at  regular  intervals,  but  does  not  change  in  direction. 

Four-Segment  Commutator 

If  the  armature  of  a  direct-current  generator  were  constructed 
with  a  single  loop  of  wire  composed  of  one  or  more  turns,  the 
current  delivered  by  such  a  machine  would  pulsate  in  value  the 
same  as  the  induced  electrical  pressure,  as  shown  in  Fig.  106.  The 
operation  of  such  a  machine  would  be  very  unsatisfactory  in  a 
great  many  cases,  especially  in  charging  storage  batteries.  Fortu- 
nately, the  electrical  pressure  between  the  brushes  of  the  machine 
can  be  made  to  remain  more  nearly  constant  in  value  in  the  follow- 
ing manner: 

Suppose  two  loops  of  wire  are  used  instead  of  one  and  that  the 
ring  is  split  into  four  parts  instead  of  two  and  the  brushes  placed 
diametrically  opposite  each  other  and  in  such  a  position  that  the 
insulation  passes  under  them  when  the  loops  each  make  an  angle 
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of  45  degrees  with  the  magnetic  field.  The  arrangement  of  loops, 
segments  and  brushes  is  shown  in  Fig  107.  The  induced  electrical 
pressure  in  the  two  loops  passes  through  a  series  of  values  similar 
to  those  represented  by  the  curve  in  Fig.  104,  but  the  induced 
pressure  in  one  is  greatest  when  the  induced  pressure  in  the  other 
loop  is  zero.  When  the  brushes  are  in  the  position  shown  in  Fig. 
107,  the  electrical  pressure  between  the  brushes  does  not  drop  to 
zero  value  for  any  position  of  the  two  loops,  as  the  brushes  are 
always  in  contact  with  segments  which  in  turn  are  connected  to 
the  ends  of  a  loop  in  which  there  is  an  induced  electrical  pressure. 
The  two  loops  are  alternately  connected  to  the  two  brushes  and 
each  remains  in  circuit  for  one-fourth  of  a  complete  revolution 
each  time.  Each  coil  is  connected  and  -disconnected  twice  during 
each  revolution.  The  pressure  between  the  brushes  for  such  an 
arrangement  of  coils,  segments  and  brushes  as  that  shown  in 
Fig.  107  is  shown  by  the  shaded  portion  of  the  curves  in  Fig.  108. 
The  induced  electrical  pressure  can  be  made  more  nearly  con- 
stant by  using  more  loops  and  more  segments  and  placing  them 
in  such  a  position  with  respect  to  the  first  ones  that  the  induced 
electrical  pressure  in  the  loops  does  not  reach  a  zer*)  maximum 
value  at  the  same  time  it  does  in  the  others,  and  connecting  them 
in  such  a  way  that  the  induced  electrical  pressure  in  all  of  the 
loops  acts  in  series,  parallel  or  series-parallel  practically  all  of 
the  time. 

Simple  Ring  Armature 

The  operation  of  the  generator  having  two  loops  of  wire  and 
four  segments  in  the  commutator,  as  shown  in  Fig.  107,  is  not 
altogether  satisfactory,  as  each  loop  is  connected  to  the  external 
circuit  only  while  the  brushes  are  in  contact  with  the  segments  of 
the  commutator,  to  which  the  terminals  of  the  loop  are  connected. 
An  armature  winding  of  this  type  is  called  an  open-circuit  winding. 

A  better  form  of  winding  for  direct-current  dynamos,  called  a 
closed-circuit  winding,  makes  use  of  all  of  the  loops  of  wire  all  of 
the  time  except  when  the  two  commutator  segments  to  which  a  loop 
is  connected  are  in  contact  with  a  brush  or  brushes  of  the  same 
polarity.  One .  of  the  simplest  forms  of  closed-circuit  winding  is 
shown  in  Fig.  109,  which  consists  of  a  wire  ring  with  four  coils 
wound  about  it  and  interconnected  by  means  of  four  commutator 
segments  as  shown  in  the  figure.  For  convenience  in  referring  to 
these  coils  they  are  designated  as  A,  B,  0  and  D.     The  two  coils 
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A  and  B  are  sbort-circuited  by  the  tno  brushes  nhen  the;  are  in  the 
position  shown  in  the  figure.  An  instant  later,  however,  coil  A  is 
in  series  with  coil  B  on  the  right  side  and  coil  C  is  in  series  with 
coil  D  on  the  left  side,  and  tbia  connectiOD  remains  until  coils  B 
and  D  are  short-circuited  by  the  brusbea.  An  instant  later,  coil  D 
is  in  series  with  coil  A  on  the  right  side  and  coil  B  is  in  series  with 
coil  C  on  the  left  side. 

It  is  apparent  that  tlie  coils  oppOBit«  each  other  are  short-circuited 
by  the  brushes  at  the  same  time  when  they  are  symmetrically  ar- 
ranged, as  in  this  case,  Hud  as  one  coil  leaves  the  right  circuit  and 
enters  the  left  circuit  at  the  lower  brush,  while  there  is  a  coil  leav- 


Ff0. 109 — A  four-cail  ring  armature  uilh  afour-Btgment  <x 
ing  the  left  circuit  and  entering  the  right  circuit  at  the  u|>per  brush. 
With  this  arrangement  of  commutator  segments  and  coila,  all  of  the 
coils  are  in  circuit  with  the  external  circuit  all  of  the  time,  except 
when  they  are  short -circuited  by  the  brushes.  If  the  position  of  the 
brushes  on  the  commutator  is  such  that  the  coils  are  moving  parallel 
to  the  magnetic  field  nhen  the  coils  are  short-circuited,  there  will  be 
no  electrical  pressure  induced  in  the  coils  and,  as  a  result,  the  elec- 
trical preaaiiTG  between  the  brushes  is  not  decreased  by  short  •circuit- 
ing the  coils. 

The  electrical  pressure  in  all  of  the  coils  on  the  right  side  of  a. 
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vertical  line  through  the  brushes  will  be  in  the  opposite  direction  to 
the  electrical  pressure  in  the  coils  on  the  left  side  of  the  vertical 
line  through  the  brushes.  The  electrical  pressures  in  the  coils  on  the 
right  and  left  sides  of  the  vertical  line  act'  oppositely  to  each  other, 
just  as  the  electrical  pressures  of  two  batteries  connected  in  parallel 
act  oppQsite  with  respect  to  each  other,  but  they  act  in  the  same 
direction  with  respect  to  the  external  circuit. 

The  movement  of  the  coils  across  the  magnetic  field  just  before 
they  are  short-circuited  is  in  tlie  opposite  direction  to  their  move- 
ment across  the  magnetic  field  after  they  have  been  short-circuited. 
This  results  in  the  electrical  pressure  induced  in  the  coils  before 
they  are  short-circuited  acting  around  the  :oil  in  the  opposite  direc- 


Fig,  110 — Curve  showing  variation  of  electrical  pressure  between 
the  terminals  of  a  four-coil  ring  armature  with  a  four-segment 

commutator 

tion  to  that  in  which  the  electrical  pressure  induced  in  the  coil 
after  it  has  been  short-circuited  acts.  In  other  words,  the  electrical 
pressure  induced  in  the  coU  reverses  in  direction  while  the  coil  is 
short-circuited. 

The  total  electrical  pressure  between  the  brushes  at  any  instant 
will  be  equal  to  the  sum  of  the  electrical  pressures  induced  in  the 
coils  connected  in  series  between  the  brushes.  When  the  coUs  are 
symmetrically  placed,  as  shown  in  Fig.  109,  the  variation  in  ,the 
electrical  pressure  between  the  brushes  wiU  correspond  to  the  varia- 
tion in  the  total  pressure  of  the  coils  connected  in  series  between 
the  brushes.  Thus  the  electrical  pressure  induced  in  the  coil  A  with 
respect  to  the  external  circuit  may  be  represented  by  a  curve  similar 
to  the  one  marked  A  in  Fig.  110.  Both  parts  of  the  curve  are  drawn 
above  the  horizontal  line,  as  the  connection  of  the  coil  with  respect 
to  the  external  circuit  changes  when  the  coil  passes  the  position  of 
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Bhort-circuit  Or  the  poaition  where  the  induced  electrical  pressure 
reverseB  in  direction.  The  electrical  pressure  induced  in  tlie  coil  D 
with  respect  to  the  eitemal  circuit  may  be  represented  by  a  second 
curve  D.  The  electrical  pressure  in  A  is  a  maximum  when  the  elec- 
trical pressure  in  D  is  zero  aud  the  electrical  pressure  in  D  is  a 
maximum  when  the  electrical  pressure  in  A  is  zero.  The  electrical 
pressure  between  the  brushes  at  anj  instant  will  be  equal  to  the  aum 
of  the  pressures  induced  in  the  two  coils  connected  in  series  at  that 
instant,  and  it  may  l>e  represented  by  a  third  curve  whose  height 
above  the  horizontal  is  equal  to  the  sum  of  the  height  of  the  two 


Fig.  Ill — A  lix-coil  Ting  armature  icJtA  a  aix-gegment  commutator 

curves  A  and  D.  This  third  curve  is  shown  heavy.  From  an  inspec- 
tion of  Fig.  110,  it  is  seen  that  there  are  four  loops  to  the  shaded 
curve  and  that  the  pressure  flu-.toates  in  value.  By  increasing  the 
number  of  coils  on  the  ring  and  the  segments  in  the  commutator, 
the  number  of  fluctuations  in  the  pressure  between  the  brushes  for 
one  revolution  wilt  be  increased  and  the  variation  in  the  pressure 
decreased.  A  six-coil  armature  and  sii-scgment  commutator  are 
shown  in  Pig.  111.  The  electrical  pressure  between  brushes  for 
such  a  cQmbination  of  coils  is  shown  by  the  shaded  curve  in  Fig. 
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112.     The  height  of  this  shaded  curve  is  equal  to  the  sum  of  the 
heights  of  the  three  other  curves. 

Multipolar  Ring  Armature 

The  armature  of  a  generator  may  be  revolved  in  a  magnetic  field 
of  more  than  two  poles,  providing  the  connections  of  the  various 
coils  and  the  position  of  the  brushes  are  properly  made.  For  ex- 
ample, a  four-pole  armature  is  shown  in  Fig.  113.  Four  brushsa 
are  used  and  alternate  ones  are  of  the  same  polarity  and  connected 
together.  The  brushes  are  shown  inside  the  commutator;  they  are  in 
reality,  however,  outside.  In  passing  from  the  negative  terminal 
of  such  a  winding  through  the  winding  to  the  positive  terminal  there 
are  four  possible  paths.     If  this  were  a  six-pole  armature  there 


Fig,  112 — Curve  showing  variation  in  electrical  pressure  between 
the  terminals  of  a  six-coil  ring  armature  with  a  six-segment  com- 
mutator 

would  be  six  paths  and  so  on.  There  are  types  of  windings,  how- 
ever, in  which  the  number  of  paths  through  the  winding  may  be 
greater  than  the  number  of  magnetic  poles  forming  the  magnetic 
circuit  and  in  some  the  number  of  paths  may  be  less  than  the  number 
of  poles.  Space  will  not  permit  a  discussion  of  these  various  types, 
and  the  reader  should  make  use  of  a  book  devoted  entirely  to  arma- 
ture windings  if  he  cares  to  investigate  the  nany  possible  types. 

Simple  Drum  Armature 

In  the  case  of  the  ring  armature,  the  wire  forming  the  winding  is 
wound  on  a  wire  ring,  while  in  the  drum  armature  the  winding  is 
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placed  around  a  cylinder  ot  iron.  The  drum  Hrmature  has  a  decided 
advantage  over  th^  ring  Brmature  in  that  more  of  the  irire  used  in 
the  winding  has  an  electrical  pressure  induced  in  it.  In  the  ring 
tvindiug  the  part  of  each  turn  of  wire  inside  the  ring  has  practically 
no  electrical  pressure  induced  in  it,  and  as  a  result  only  the  part  of 
each  turn  on  the  outside  of  the  ring  Is  effective  in  producing  an 
electrical  pressure.    In  the  drum  niuding,  both  sides  of  each  turn 


Fig.  113— J  aluteen-cf 

are  on  the  surface  of  the  armature  and  have  an  electrical  pressure 
induced  in  them. 

That  part  of  an  armature  ivinding  in  which  the  electrical  pressure 
is  induced  is  called  an  inductiyr  and  there  will  be  as  many  inductors 
in  B  ring  winding  as  there  are  turns,  while  in  a  drum  winding  there 
will  be  twice  as  many  inductors  as  tbere  are  turns. 

Electrical  Preuure  Induced  in  Annatire  Wlndins 

The  electrical  pressure  induced  in  an  armature  winding  will  depend 
upon  the  rapidity  with  which  the  magnetic  lineu  of  force  are  cut 
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by  the  inductors  composing  tue  winding.  The  magnetic  lines  of  force 
cut  by  each  inductor  in  one  revolution  is  equal  to  the  product  of  the 
number  of  magnetic  poles  forming  the  magnetic  circuit  and  the 
magnetic  lines  of  force  entering  or  leaving  the  armature  at  each  pole. 

The  number  of  magnetic  lines  of  force  cut  by  each  inductor  in  one 
second  will  be  equal  to  the  product  of  the  lines  cut  per  revolution 
and  the  number  of  revolutions  per  second. 

The  electrical  pressure  induced  by  the  armature  winding  will  de- 
pend upon  the  manner  in  which  the  inductors  forming  the  winding 
are  connected,  that'  is,  whether  there  are  two  circuits  through  the 
winding,  four  circuit's,  etc.  The  number  of  inductors  in  series  in 
each  circuit  is  equal  to  the  total  number  of  inductors  divided  by  the 
number  of  paths  through  the  winding,  and  the  greater  the  number 
of  inductors  in  series  the  greater  the  induced  electrical  pressure,  all 
other  things  remaining  unchanged. 

If  the  lines  of  magnetic  force  cut  by  each  inductor  in  one  second 
be  multiplied  by  the  number  of  inductors  in  series  the  product 
will  be  equal  to  the  total  lines  of  magnetic  force  cut  by  all  of  the 
inductors  in  series  in  1  second.  This  total  number  of  magnetic  lines 
of  force  cut  by  all  of  the  inductors  in  series  divided  by  100,000,000 
gives  the  electrical  pressure  in  volts^  induced  in  each  path  of  the 
armature  winding. 

The  only  two  factors  which  may  be  changed  after  the  machine  is 
constructed  are  the  magnetic  lines  of  force  per  pole  and  the  revolu- 
tions of  the  armature.  If  the  number  of  magnetic  lines  per  pole  re- 
mains constant,  the  induced  pressure  will  vary  directly  as  the  speed 
•  of  the  armature.  Likewise,  if  the  speed  remains  constant  the  in- 
duced pressure  will  vary  directly  as  the  number  of  magnetic  lines 
of  force  per  pole. 

It  is  by  varying  the  speed  of  the  ar^nature  or  the  number  of  mag- 
netic lines  of  force  that  the  output  of  a  generator  as  to  voltage 
is  regulated.    This  will  be  explained  later. 


CHAPTER  Xm 


Fields  and  Field  Windings  for  Generators 
euid  Motors 


P^ 


J  the  previous  coDBideration  of  the  production  of  an  electricftl 
preraure,  in  a  conUuctoi'  when  it  ie  moved  acrosa  a.  magDetie 
field,  as  in  the  case  of  the  armature  of  a  generator,  the  presence 
of  the  field  has  been  asHUoied  and  nothing  has  been  said  as  to 
the  method  of  providing  the  magnetic  field.  The  term  "field" 
la  applied  interchangeably  to  the  magnetic  lines  of  force  between 


Fig.  Hi — IfomtcHc  ctrcHlt  0/  Flo.    115 — Bipolar   magnetio 

ilmpleit  hlpoter  vtachtnc  ictth  drmlt  icllh  tiro  field  colla,  ent 

one  field  coil  at  O  al  C  and  one  at  01 

the  pole  faces  of  the  field  magnets  aod  to  the  field  magnets  them- 
selves. There  are  two  methods  of  producing  the  magnetic  Held 
for  generators  and  motors,  and  these  methods  will  be  diacussed 
in  the  following  psragrapha: 

The  permanent  magnet  provides  perhaps  the  Eimplest  method 
of  producing  a  magnetic  field.     The  field  produced  hj  a  perma- 
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nent  magnet  is  quite  weak  as  compared  to  one  produced  by  an 
electric  current,  and  the  magnetic  field  of  the  permanent  magnet 
cannot  readilj  be  changed  to  meet  changing  requirements.  The 
Mae  of  tho  permanent  magnet  aa  a  means  of  producing  a  magnetic 
field  is  confined  in  motor  cars  almost  entirely  to  the  ignition 
magneto  at  the  present  time. 

If  an  electric  current  be  passed  through  a  winding  Hurround' 
ing  a  piece  of  iron,  the  piece  of  iron  will  become  magnetized  b^ 
Ihe  action  of  the  current.     The  degree  to  which  the  piece  of 
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iron  becomes  magnetized  will  depend  upon  the  number  of  turns 
of  wire  in  the  winding  and  the  current  in  the  winding.  Tho 
polarity  of  tlie  pieces  of  iron  will  depend  upon  the  direction  in 
which  the  current  passes  around  it,  as  previously  explained.  The 
magnetic  circuit  of  the  generator  and  the  motor  is  the  path  in 
which  the  magnetic  lines  of  force  exist  and  may  assume  man^f 
different  forms,  depending  upon  individual  requirements. 

Types  of  Magnetic  Fields 

The  simplest  form  of  magnetic  field  is  one  in  which  the  arma- 
ture rotates  between  two  magnetic  poles,  and  it  ia  known  as  a 
bipolar  field.  Three  different  forms  of  bipolar  magnetic  fields 
are  shown  in  Figs.  114,  115  and  116.  In  Fig.  llj  the  winding 
in  which  the  current  producing  the  magnetic  field  Sows  is  placed 
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around  the  part  of  the  magnetic  circuit  marked  C  in  the  figure. 
This  winding  is  always  spoken  of  as  a  field  winding.  The  mag- 
netic lines  produced  by  the  current  in  this  winding  circulate  in 
the  magnetic  circuit  indicated  by  the  arrows,  and  they  are  all 
produced  by  a  single  coil  of  wire.  This  coil  of  wire  is  usually 
spoken  of  as  a  field  coil. 

A  bipolar  magnetic  field  is  shown  in  Fig.  115.  There  are  two 
field  coils,  one  about  C  and  another  about  01.  Both  of  these 
field  coils  tend  to  produce  a  magnetic  field  through  the  armature 


Fig.    117 — A   four-pole  magnetic  circuit 
with  four  field  coila 


in  the  same  direction.  There  are  two  paths  for  magnetic  lines 
around  the  outside. 

A  third  type  of  bipolar  magnetic  field  is  shown  in  Fig.  116. 
In  this  case  there  is  only  one  field  coil,  and  it  is  placed  around 
the  part  marked  C.  There  are  two  paths  for  the  magnetic  lines 
around  the  outside,  similar  to  the  circuits  shown  in  Fig.  115. 

A  multipolar  magnetic  circuit  of  four  poles  is  shown  in  Fig.  117. 
In  this  case  there  are  four  field  coils  and  they  are  wound  around 
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the  lour  parts  marked  C.  It  will  be  seen  that  two  of  these  field 
coils  act  on  any  one  of  the  I'our  magnetic  circuits.  Alternate 
poles  around  the  armature  are  of  the  same  polarity,  and  adjacent 
poles  are  of  opposite  polarity. 

A  four-pole  magnetic  circuit  is  shown  in  Fig.  118,  but  only  two 
field  coils  are  used  instead  of  four,  as  in  Fig.  117.  These  two 
field  coils  are  placed  about  the  parts  of  the  magnetic  circuit 
marked  C  in  the  figure.  The  general  appearance  of  the  magnetic 
circuit,  aa  shown  in  Fig.  118,  is  quite  similar  to  the  one  shown 
in  Fig.  115,  which  is  bipolar.  A  close  comparison  of  the  two  will 
make  the  difEerence  very  noticeable.  In  Fig.  115  field  coils  about 
C  and  CI  both  act  to  produce  a  magnetic  field  through  the  anna* 


ture  in  the  same  direction,  while  in  Fig.  118  the  two  field  coils 
act  to  produce  the  magnetic  field  through  the  armature  in  oppo- 
site directions.  As  a  result  of  the  two  field  coils  acting  to  pro- 
duce a  magnetic  field  across  the  armature  in  opposite  directions 
and  on  account  of  the  nearness  of  the  iron  to  the  two  sides  of 
the  armature,  the  magnetic  lines  pass  through  the  paths  indi- 
cated by  the  arrows.  In  this  case  only  one  field  coil  acts  on  any 
one  of  the  four  magnetic  circuits. 

When  the  magnetic  circuit  is  arranged  similarly  to  Figs.  115, 
116,  117,  118  and  so  forth  so  that  the  field  winding  is  practically 
surrounded  by  the  iron,  forming  part  of  the  magnetic  circuit,  it 
is  called  an  iron-clad  type.     This  type  of  construction  is  a  better 
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protection  for  the  field  coila,  and  for  this  reason,  all  otber  things 
being  equal,  is  much  preferred   to   an   open  or  exposed  type   of 
construction,  as  shown  in  Fig.  111. 

Part*  of  the  Magnetic  Ctrcnit 

The  magnetic  circuit  of  almost  every  dynamo  is  composed  of 
five  parts,  and  thej  are: 

First,  the  armature  core,  which  usually  consists  of  a,  cylinder 
of  laminated  iron,  mounted  on  a  shaft  and  having  its  surface 
grooved  to  accommodate  the  armature  winding.  In  the  ring  type 
of  armature  the  core  is  in  tho  form  of  a  ring.     The  reason  for 


laminating  the  armature  core  ia  to  produce  the  loss  due  to  cur- 
rents  in  the  iron  core  itself  which  are  called  eddy  currents  and 
which  tend  to  heat  tho  armature  and  decrease  the  efficiency  of 
the  machine.  The  armature  core  serves  the  double  purpose  of 
conducting  the  magnetic  lines  from  pule  to  pole  and  at  the  same 
time  supporting  the  armature  winding. 

Second,  the  air  gap,  wfaich  is  the  clearance  between  the  arma- 
ture core  and  the  end  of  the  poles. 

Tliird,  the  pole  shoes,  or  pole  pieces,  which  are  the  ends  of  the 
poles  adjacent  to  the  air  gap.  They  are  in  some  oases  given  a 
special  shape  in  order  to  improve  the  distribution  and  arrange- 
ment of  the  magnetic  lines  forming  the  magnetip  field.    In  some 
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eases  the  pole  shoes  are  made  separate  from  the  field  core  and 
bolted  to  the  cores. 

Fourth,  the  field  cores  which  are  the  parts  of  the  magnetic 
circuit  about  which  the  field  wiudiugs  are  placed. 

Fifth,  the  yoke,  which  is  the  outside  portion  of  the  inagaetic 
circuit  connecting  the  field  cores.  The  yoi.e  forma  part  of  the 
magnetic  circuit  and  at  the  «ame  time  serves  as  a  mechanical 
support  for  the  field  cores  and  pole  shoes,  holding  the  pole  shoes 
in  their  proper  position  with  respect  to  the  armature. 

Scries  Gen«rBtor 

A  series  generator  is  one  in  which  the  armature  and  field  wind- 
ingb  are  connected  in  series,  and  any  current  supplied  by  the  arma- 
ture passes  through  the  field  winding.     The  connections  of  a 


series  generator  are  shown  in  Figure  US.  The  operation  of  such 
a  machine,  in  brief,  is  as  follows:  Assuming  that  there  is  some 
residual  magnetism  in  the  fields  due  to  their  having  previously 
been  magnetized  there  will  be  a  low  electrical  pressure  induced 
in  the  armature  winding  when  the  armature  is  revolved  in  this 
weak  magnetic  field.  This  induced  electrical  pressure  will  not 
produce  a  current  unless  the  terminals  of  the  machine  be  con- 
nected directly  together  or  by  means  of  an  external  circuit.  ,  The 
current   due    to   this    low   induced   electrical   pressure   will   flon 
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through  the  field  winding  and  increase  the  strength  til  tlio  uiag- 
netie  field,  which  in  turn  will  increase  the  induced  electrical  pres- 
sure, which  will  increase  the  current,  etc.  This  operation  would 
continue  indelinitelj-  and  the  induced  pressure  and  current  would 
both  become  dangerously  high  onlees  some  means  were  provided  for 
controlling  them.  As  the  current  in  the  field  winding  increases, 
the  number  of  magnetic  line«  in  the  field  increases,  but  after  a. 
certain  field  strength  baa  been  reached,  the  magnetic  lines  cease 
e  to  a  given  increase  in  current,  as  rajndlj  as  they 


did  at  first,  and  finally  there  is  a  very  little  increase  in  these 
lines,  due  to  an  increase  in  the  field  current,  and  the  iron  form- 
ing the  magnetic  circuit  is  said  to  be  saturated.  The  series  field 
winding  is  composed  of  a  relatively  small  number  of  turns  of  wire 
of  ample  size  to  safely  carry  the  maximum  current  the  machine  is 
designed  to  deliver. 

Shunt  Generator 
A  shunt  generator  is  one  in  which  the  field  winding  is  con- 
nected directly  to  the  terminals  of  the  armature  as  shown  in  Fig. 
120.  The  current  in  the  field  winding  at  any  time  is  equal  to  the 
pressure  between  the  brushes  divided  by  the  resistance  of  the 
winding  and  is  independent  of  the  current  the  generator  may  bo 
supplying  to  a  circuit  connected  to  its  terminals,  unless  the  cur- 
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rent  Hupplied  changes  the  pressure  between  the  bruBhes.  Th« 
shunt  generator  nill  have  a  low  pressure  induced  in  Its  armature, 
due  to  the  residual  magnetism  in  the  fields.  This  pressure  produces 
a  current  in  the  field  winding,  nhich  in  turn  increases  the  strength 
of  the  magnetic  field.  This  in  turn  inereases  the  induced  pressure, 
which  increases  the  field  current,  etc.  This  operation  continues 
until  the  magnetic  eondition  of  the  iron  ia  auch  that  both  the 
electrical  pressure  and  field  current  become  steady.  In  the  series 
generator,  the  terminals  of  the  machine  bad  to  be  connected  to- 
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gether  in  some  wa^  in  order  that  the  electrical  pressure  induced 
in  the  armature  increase,  while  in  the  shunt  generator  it  is  not 
necessary  to  have  the  terminals  connected  in  order  that  the  elec- 
trical pressure  induced  in  the  armature  increase.  In  fact,  it  is 
beat  to  have  the  terminals  entirely  disconnected  from  all  circuits. 
The  shunt  field  winding  is  composed  of  a  relatively  large  num- 
ber of  turns  of  small  wire.  The  current  the  shunt  field  winding 
carries  is  usually  a  small  part  of  the  total  current  the  machine  is 
capable  of  generating. 

Compound  Generator 

A  compound  generator  is  a  combination  of  a  series  and  a  shunt 
generator.  When  the  magnetizing  action  of  the  series  and  shunt 
field  are  in  the  same  direction  as  shown  in  Fig.  121,  it  is  called  a 
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cumulative  compound  generator.  If  the  magnetizing  action  of 
the  series  and  shunt  fields  are  in  opposite  directions,  as  shown  in 
Fig.  122,  it  is  called  a  differential  compound  generator.  When  the 
shunt  winding  is  connected  directly  to  the  brushes,  the  machine  is 
called  a  short  shunt  compound  machine,  as  shown  in  both  Figs. 
121  and  122.  If  the  shunt  winding  is  connected  across  both  the 
armature  and  series  field,  the  machine  is  called  a  long  shunt  com- 
pound machine.  The  action  of  these  field  windings  will  be  dis- 
cussed at  length  under  thie  subject  of  generator  output.  It  is  by 
these  field  windings  in  some  lighting  generators  that  the  current 
to  the  battery  and  lights  is  kept  constant. 


CHAPTER  XIV 

Generator  Output  and  Purpose  of  Cutout 

As  explained  in  the  previous  section^  the  electrical  pressure 
generated  in  the  armature  winding  of  a  generator  depends 
upon  the  number  of  wires  on  the  surface  of  the  armature,  the 
manner  in  which  these  wires  are  interconnected^  which  deter- 
mine the  number  of  different  circuits  through  the  armature  wind- 
ing; the  number  of  magnetic  lines,  called  the  magnetic  flux,  en- 
tering or  leaving  the  armature  at  the  different  poles;  the  number 
of  magnetic  poles  forming  the  magnetic  circuit;  and  the  speed  at 
which  the  armature  is  revolving  in  the  magnetic  field.  After  a 
generator  is  constructed,  the  number  of  magnetic  poles,  the  num- 
ber of  wires  on  the  surface  of  the  armature  and  the  number  of 
different  circuits  through  the  armature  are  all  fixed,  while  the 
speed  and  number  of  magnetic  lines,  or  magnetic  fiux,  per  pole 
may  either  or  both  be  changed. 

The  speed  of  the  generator,  of  course,  depends  upon  the  speed 
of  the  device  driving  it  and  the  manner  in  which  the  generator  is 
connected  to  this  device.  The  armature  of  the  generator  may  be 
mounted  on  the  shaft  of  the  driving  device  or  it  may  be  geared 
or  connected  to  the  shaft  by  a  clutch  or  chain.  In  some  cases 
the  construction  of  the  driving  clutch  is  such  that  the  armature 
of  the  generator  never  exceeds  a  predetermined  speed,  regardless 
of  the  extent  to  which  the  speed  of  the  driving  device  increases. 

The  magnetic  fiux  per  pole  depends  upon  the  form  of  the  mag- 
netic circuits,  the  kind  of  material  composing  the  magnetic  circuit 
and  the  number  of  ampere-turns  acting  on  each  magnetic  pole. 
The  number  of  ampere-turns,  magnetizing  effect,  of  a  coil  is  equal 
to  the  product  of  the  number  of  turns  in  the  coil  and  the  current 
in  these  turns.  After  the  machine  is  once  constructed,  the  form 
of  the  magnetic  circuit,  the  kind  of  material  composing  the  mag- 
netic circuit  and  the  number  of  turns  in  the  different  windings 
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about  the  fields  are  all  fixed  and  constant  in  value.  The  only  way 
then — neglecting  armature  reaction  which  will  be  explained  later — 
that  the  magnetic  flux  entering  or  leaving  the  armature  at  the 
different  poles  may  be  changed  is  by  varying  the  value  of  the 
current  in  the  field  windings. 

Assuming  for  convenience  that  the  magnetic  flux  per  pole 
remains  constant,  then  the  electrical  pressure  generated  in  the 
armature  winding  will  vary  directly  as  the  speed  of  the  armature, 
starting  at  nothing  for  no  speed  and  increasing  directly  as  the 
speed  increases.  The  relation  of  the  electrical  pressure  gener- 
ated to  the  speed  is  shown  graphically  in  Fig.  123,  in  which  speed 
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Fig.  123 — Relation  between 
armature  speed  of  a  generator 
and  the  pressure  it  generortes. 
The  dotted  line  shows  how  the 
pressure  drops  when  the  speed 
decreases  and  why  the  lights 
dim  slightly  when  engine  slows 
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Fig.  124 — Relation  between 
the  magnetic  flux  in  a  gener- 
ator and  its  generated  pressure, 
at  constant  speed.  The  dotted 
line  shows  how  the  pressure 
drops  when  the  field  strength 
decreases 


is  measured  along  the  horizontal  and  pressure  along  the  vertical. 
If  the  magnetic  flux  per  pole  be  changed,  say  decreased,  then 
there  will  be  a  corresponding  decrease  in  the  pressure  generated 
for  the  different  speeds  as  indicated  by  the  dotted  curve. 

If  the  speed  of  the  machine  be  maintained  constant  and  the 
magnetic  flux  per  pole  be  increased,  there  will  be  an  increase  in 
the  electrical  pressure  in  the  armature  winding  as  shown  graphic- 
ally in  Fig.  124,  in  which  magnetic  flux  is  measured  along  the 
horizontal  and  pressure  along  the  vertical.  If  the  speed  of  the 
machine  be  changed,  say  decreased,  then  there  will  be  a  corre- 
sponding decrease  in  the  pressure  generated  for  the  different 
values  of  magnetic  flux  per  pole  as  indicated  by  the  dotted  curve. 
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The  magnetic  flux  per  pole  does  not  have  a  definite  relation  to 
the  current  in  the  field  winding  surrounding  the  pole,  due  to  the 
fact  that  the  permeability  of  the  iron  forming  the  magnetic  cir- 
cuit is  not  constant  but  depends  upon  the  degree  to  which  it  is 
magnetized.  You  (jan  think  of  the  permeability  of  the  iron  as 
being  its  property  to  conduct  magnetic  flux  as  compared  to  the 
ability  of  air  to  conduct  magnetic  flux,  which  for  convenience  is 
assumed  to  have  a  permeability  of  one.  The  relation  between  the 
magnetic  flux  per  pole  and  the  current  in  the  field  winding  is 
shown  in  Fig.  125.    It  will  be  seen  from  an  inspection  of  this  curve 
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CURRENT  IN  FELDVWNWNG 
or  A  GEHERATOR 

Fig.  125 — ffow  the  magnet- 
ization of  a  generator  field  pole 
increases  with  the  increase  in 
current  in  its  Aeld  winding. 
The  point  A  indicates  the  sat- 
uration point 
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Fig.  126 — Relation  between 
the  generated  pressure  and 
armature  speed  of  a  sliunt  gen- 
erator. Above  a  certain  point 
A  the  pressure  increases  more 
slowly  with  increase  in  speed 


that  the  magnetic  flux  at  first  increases  very  rapidly,  due  to  an 
increase  in  the  value  of  the  field  current,  but  after  the  flux  has 
reached  a  value  represented  by  the  point  A  in  the  curve  the 
increase  due  to  an  increase  in  field  current  is  decidedly  less.  When 
the  magnetic  flux  has  reached  the  value  represented  by  the  point 
A,  the  magnetic  circuit  is  said  to  be  saturated  and  above  this  point 
there  is  very  little  increase  in  flux  even  though  there  be  a  large 
increase  in  the  field  current. 


Operation  of  Self -Excited  Shunt  Generator 

The  connections  of  the  self -excited  shunt  generator  that  is,  one 
supplying  its  own  field  current,  have  been  given.    When  the  arma- 
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ture  starts  to  rotate  there  is  one  electrical  pressure  generated  in 
it's  winding,  due  to  the  residual  magnetic  flux  in  the  magnetic 
circuit,  which  produces  a  current  in  the  field  winding  and  this 
current  increases  the  magnetic  flux  per  pole.  As  a  reisult  of  both 
the  speed  and  magnetic  flux  increasing,  the  generated  pressure 
increases  more  rapidly  than  if  the  speed  alone  were  to  increase. 
After  the  magnetic  flux  has  reached  a  certain  value,  however,  the 
magnetic  circuit  becomes  saturated  and  then  there  is  very  little 
increase  in  the  magnetic  flux  per  pole  even  though  the  field  current 
continues  to  increase. 

After  the  magnetic  circuit  has  become  saturated,  the  increase 
in  generated  pressure  is  due  almost  entirely  to  the  increase  in 
speed.  The  relation  between  generated  pressure  and  speed  is 
shown  in  a  general  way  in  Fig.  126.  Up  to  the  point  A  on  the 
curve  there  is  a^  very  rapid  increase  in  generated  pressure  as  the 
speed  increases,  since  the  magnetic  flux  per  pole  and  the  speed 
are  both  increasing.  From  the  point  A,  however,  the  generated 
pressure  increases  less  rapidly,  as  the  magnetic  circuit  is  practically 
saturated  and  the  speed  above  is  increasing. 

Constant  Current  and  Constant  Voltage  Output 

The  output  of  a  generator  in  watts  is  equal  to  the  product  of 
the  current  the  generator  is  delivering  in  amperes  and  the  pres- 
sure at  which  this  current  is  delivered  in  volt's.  The  current 
delivered  by  a  generator  to  a  circuit  containing  no  other  source 
of  electrical  pressure  is  equal  to  the  generated  pressure  in  the 
armature  of  the  generator  divided  by  the  total  resistance  of  the 
circuit,  including  the  connecting  leads  and  the  resistance  of  the 
armature  of  the  generator  itself.  If  the  pressure  generated  in 
the  armature  winding  of  the  generator  remains  constant,  the 
current  supplied  by  the  generator  will  vary  inversely  as  the 
resistance  of  the  circuit  in  which  the  generator  is  connected. 
That  is,  if  the  resistance  of  the  circuit  increases,  the  current  in 
the  circuit  will  decrease  and  if  the  resistance  of  the  circuit 
decreases,  the  current  will  increase. 

If  the  pressure  generated  in  the  armature  winding  of  the  gen- 
erator changes  in  value,  the  resistance  of  the  circuit  remaining 
constant,  there  will  be  a  corresponding  change  in  the  value  of  the 
current.  That  is,  if  the  pressure  increases,  the  current  will  in- 
crease and  if  the  pressure  decreases,  the  current  will  decrease. 
If,  however,  the  pressure  generated  in  the  armature  of  the  gen- 
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eratoi  and  tlie  reaiatsjice  of  the  circuit  both  changea,  then  the 
curreDt  at  any  time  is  equal  to  the  pressure  at  that  time,  divided 
hj  the  value  of  the  reaiatarce  at  that  time. 

When  the  output  of  a  generator  ia  at  a  practically  eonatant 
current,  the  preaaure  varying  in  value  or  not  as  the  case  may  be, 
the  generator  ia  spoken  of  aa  a  coiutant  current  generator.  When 
the  output  ia  at  a  practically  constant  preaaure,  the  current  Tary- 
ing  in  value  or  not  aa  the  case  may  be,  the  generator  is  apoken 
of  aa  a.corutont  pressure  generator. 

Purpose  of  the  Cutout 

The  electrical  generator  in  its  application  to  the  motor  car  is 
almost  always  used  in  combination  with  a  storage  battery.  The 
generator  ia  uaed  to  charge  the  battery  and  to  produce  &  current 


Fig.  121— Simpleal  connection 
When  genetoior  ia  not  mpplulnii 
charges  throueh  it 

in  the  various  electrical  devices  on  tfae  car  while  the  generator  is 
in  operation.  The  battery  serves  aa  a  sort  of  reservoir  in  which 
electrical  energy  may  be  stored  and  then  used  when  the  generator 
itaelf  is  not  operating.  A  battery  and  generator  are  shown  con- 
nected in  aeries  in  Fig.  137.  The  poaitive  terminal  of  the  genera- 
tor ia  connected  to  the  poaitive  terminal  of  the  batteries  and  their 
negative  terminala  are  connected  together.  The  effective  prea- 
aure acting  in  such  a  circuit  ia  equal  to  the  di£Ference  in  the 
pressure  produced  by  the  generator  and  the  preaaure  produced 
within  the  battery. 

If  tbeae  two  pressures  are  equal,  the  value  of  the  effective  pres- 
sure will  be  zero  and  there  will  be  no  current  In  the  circuit.  If 
the  pressure  produced  by  the  generator  exceeds  in  value  the  prea- 
■Ore  produced  by  the  battery,  there  will  be  an  effective  preaaure 
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acting  in  the  circuit  and  its  direction  will  correspond  to  that  of 
the  larger  pressure,  or  the  pressure  of  the  generator.  The  current 
prodneed  by  this  effective  pressure  will  charge  the  battery,  and 
the  value  of  the  current  will  be  equal  to  the  effective  preBsure 
divided  by  the  total  resistance  of  the  circuit,  including  the  inter- 
nal resistance  of  the  battery,  the  resistance  of  the  connecting 
wires  and  the  resistance  of  the  armature  winding  of  the  generator. 
If  the  pressure  generated  in  the  armature  winding  of  the  gen- 
erator is  less  than  the  pressure  of  the  battery,  then  the  effective 
pressure  will  be  in  the  direction  of  the  battery  pressure  and  the 
battery  will  discharge  instead  of  being  charged.  The  value  of 
the  current  will,  as  in  the  previous  case,  be  equal  to  the  effective 
pressure  divided  by  the  tata.1  resistance  of  the  circuit. 


\mple  /orm  of  magnetic  t 


Since  the  pressure  generated  in  the  armature  winding  of  the 
generator  may  vary  in  value  from  zero  on  up,  depending  upon  its 
speed  and  field  control,  it  is  apparent  that  some  means  must  be 
provided  for  controlling  the  connection  between  the  generator 
and  the  battery  in  order  that  the  batteri  will  not  be  allowed  to 
discharge  through  the  generator  when  the  pressure  of  the  gener 
Btor  becomes  lower  than  the  pressure  of  the  battery  The  object 
of  the  cutout  may  be  understood  by  use  of  the  simple  diagram 
given  m  Fig  128  An  electromagnet  M  has  a  winding  of  a  large 
number  of  turns,  and  this  winding  is  I'onnected  directly  to  the 
terminals  of  the  generator  The  resiBta.ni,e  of  the  winding  of 
this  electromagnet  is  usually  such  that  a  very  small  current  passes 
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through  it  in  comparison  to  the  total  current  output  of  the  gener- 
ator. An  armature  A  carried  on  a  spring  pivoted  at  its  left-hand 
end  and  carrying  a  contact  point  on  its  right-hand  end  is  mounted 
near  the  core  of  the  electromagnet. 

This  armature  is  usually  held  away  from  the  core  of  the  electro- 
magnet by  means  of  the  springs,  and  the  movable  contact  point  C 
is  not  in  contact  with  the  stationary  contact  point.  The  connec- 
tions of  the  generator  and  battery  are  clearly  indicated  in  the 
figure.  Now  as  the  pressure  generated  in  the  armature  of  the 
generator  increases  there  will  be  an  increase  in  the  current  in 
the  winding  of  the  electromagnet  M,  and  the  tension  of  the  spring 
S  may  be  so  adjusted  that  the  armature  A  pulls  up  the  desired 
value.  The  tension  in  the  spring  S  is  usually  so  adjusted  that  the 
generator  pressure  is  a  little  higher  than  the  battery  pressure 
when  the  circuit  is  completed,  and  the  battery  will  always  start 
to  charge.  When  the  pressure  of  the  generator  decreases,  due  to 
any  cause,  there  is  a  decrease  in  the  current  in  the  winding  of 
the  electromagnet  M  and  the  magnet  pull  it  produces  on  the  arma- 
ture A  decreases  in  value.  If  the  pull  of  the  spring  S  exceeds  the 
magnetic  pull  the  armature  will  move  away  from  the  core  of  the 
electromagnet  and  the  circuit  between  the  battery  and  generator 
will  be  broken  at  the  contact  C. 

The  cutout  whose  connections  and  arrangement  are  shown  in 
Fig.  128  would  be  satisfactory  for  closing  the  electrical  circuit 
connecting  the  generator  and  battery,  but  would  not  open  it  properly 
in  practice  for  the  following  reasons:  In  theory  the  spring  S  would 
pull  the  armature  away  from  the  core  of  the  electromagnet  when 
the  electrical  pressure  generated  in  the  armature  of  the  generator 
dropped  below  a  value  which  would  produce  the  necessary  current 
in  the  winding  to  hold  the  armature  up.  The  following  action, 
however,  takes  place  in  actual  practice:  When  the  electrical  pres- 
sure of  the  generator  exceeds  the  electrical  pressure  of  the  battery, 
the  direction  of  the  current  in  the  battery,  generator  and  winding 
of  the  electromagnet  will  be  as  indicated  by  the  three  arrows  in 
Fig.  129.  If  there  is  a  decrease  in  the  electrical  pressure  of  the 
generator,  due  to  any  cause,  or  an  increase  in  the  electrical  pressure 
of  the  battery  and  the  two  pressures  become  equal  in  value,  there 
will  be  no  current  in  the  circuit  composed  of  the  generator  and  the 
battery. 

If  the  winding  of  the  cutout  be  connected  when  the  pressures  of 
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the  generator  and  battery  are  equal,  a  current  will  be  established 
in  the  winding,  which  will  be  supplied  jointly  by  the  generator  and 
battery,  and  the- direction  of  the  currents  will  be  as  indicated  in 
Fig.  130.  The  division  of  the  total  current  supplied  the  cutout 
between  the  generator  and  the  battery  will  depend  upon  the  rela- 
tion betwen  their  internal  resistances.  When  the  electrical  pres- 
sures within  the  generator  and  the  battery  are  each  exactly  the 
same  and  their  internal  resistances  axe  equal,  then  each  of  them 
will  supply  one-half  of  the  total  current  in  the  winding  of  the 
cutout.  If  their  internal  resistances  are  not  equal,  their  pressures 
being  equal,  then  the  one  having  the  smaller  internal  resistance  will 
supply  the  larger  part  of  the  total  current  in  the  winding  of 
the  cutout. 

When   the   electrical   pressure  in   the   armature   winding   of  the 
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Fig.  129 — Direction  of  currents  when  hattery  is  charging.     The 
electrical  pressure  of  the  generator  exceeds  that  of  the  battery 


generator  is  less  than  the  electrical  pressure  in  the  battery,  then 
ithe  battery  starts  to  discharge  and  sends  a  current  through  the 
armature  of  the  generator  in  the  opposite  direction  to  the  pressure 
generated  in  the  armature,  as  indicated  in  Fig.  131,  thus  causing 
a  motor  action  to  take  place.  The  degree  of  this  motor  action  will 
depend  upon  how  much  current  is  produced  in  the  armature  wind- 
ing, which  in  turn  will  depend  upon  the  difference  in  the  pressure 
in  the  armature  of  the  generator  and  the  pressure  of  the  battery, 
or  the  effective  pressure,  divided  by  the  total  resistance  of  the 
entire  circuit.  It  is  interesting  to  note  that  the  battery  will 
supply  a  current  to  the  winding  of  the  cutout  and  that  the 
direction  of  this  current  in  the  winding  of  the  cutout  is  the 
same  as  when  it  was  feupplied  by  the  generator.  This  results 
in  the  armature  of  the  cutout  remaining  drawn  up,  and  the  circuit 
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between  the  generator  and  the  battery  will  remain  closed  even 
though  the  battery  is  discharging  through  the  armature  of  the 
generator.  The  cutout  will  remain  closed  at  the  comparatively 
low  pressure  of  "the  battery  when  almost  discharged,  on  account 
of  the  fact  that  it  does  not  take  as  much  of  a  current  to  hold  the 
armature  in  place  after  it  is  once  drawn  up  as  it  does  to  draw 
it  up  in  the  first  place,  when  there  is  quite  an  air  gap  between  it 
and  the  core  of  the  electromagnet. 

The  connections  outlined  in  Fig.  132  are  used  in  order  to  over- 
come the  fault  just  pointed  out.  The  cutout  is  provided  with  two 
windings  instead  of  a  single  winding.  One  of  these  windings,  M, 
called  the  shunt  winding,  is  connected  directly  to  the  terminals  of 
the  dynamo,  or  rather  the  two  leads  from  the  dynamo,  and  the 
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Fig.  130 — When  the  electrical  pressures  of  the  generator  and  the 

battery  are  equal,  the  current  to  the  cutout  tcill  he  supplied  by  both, 

the  difference  depending  on  their  internal  resistances 


current  in  this  winding  will  be  equal  to  the  pressure  between  the 
two  main  line  wires  divided  by  the  resistance  of  the  winding.  The 
other  winding,  called  the  series  winding,  is  composed  of  a  smaller 
number  of  turns  than  the  shunt  winding  and  the  wire  used  in  this 
winding  is  usually  quite  a  bit  larger  than  the  wire  used  in  the 
shunt  winding.  The  series  winding  is  connected  directly  in  the 
circuit  connecting  the  generator  and  battery  and  carries  whatever 
current  passes  through  the  battery.  The  connection  of  the  series 
winding  is  such  that  the  direction  of  the  current  through  it  is 
around  the  core  of  the  electromagnet  in  the  same  direction  as  the 
current  in  the  shunt  winding  when  the  battery  is  charging.  When 
the  pressure  of  the  generator  has  built  up  to  the  proper  value  the 
shunt  winding  draws  up  the  armature  and  the  battery  starts  to 
charge. 
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Let  us  now  consider  what  happens  when  the  pressure  of  the 
generator  drops  below  the  pressure  of  the  battery.  Just  as  soon  as 
the  generator  pressure  becomes  less  than  the  battery  pressure,  the 
battery  will  start  to  discharge  and  the  current  In  the  series  coil 
will  be  reversed  in  direction.  The  current  in  the  shunt  coil  will, 
however,  remain  in  the  same  direction  as  previously  explained, 
which  results  in  the  magnetic  action  of  the  two  coils  being  opposed 
to  each  other.  Now,  as  the  pressure  of  the  generator  decreases, 
there  will  be  an  increase  in  the  discharge  current  from  the  battery 
and  the  magnetic  action  of  the  series  coil  will  increase.  Since  the 
magnetic  action  of  the  series  and  shunt  coils  are  opposed  to'  each 
other  when  the  battery  is  discharging,  the  difference  in  their 
effects  or  the  resultant  magnetic  action  acting  on  the  core  of  the 
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Fig.  131 — Direction  of  current  when  the  hattery  is  discharging. 
The  pressure  of  the  generator  has  dropped  below  that  of  the  "battery 

electromagnet  will  decrease  in  value  as  the  current  in  the  series  coil 
increases  in  value.  The  resultant  magnetizing  action  of  the  two 
coils  will  be  zero  when  the  product  of  the  number  of  turns  and  the 
current  these  turns  contain  is  the  same  for  both  coils.  The  action 
of  the  spring  S,  however,  draws  the  armature  away  from  the  core 
when  the  resultant  magnetic  action  has  been  reduced  to  a  certain 
predetermined  value  and  the  circuit  connecting  the  generator  and 
the  battery  is  broken.  In  order  that  the  circuit  be  closed  again  it 
is  necessary  that  the  pressure  of  the  generator  mcrease  in  value 
until  ample  current  is  produced  in  the  shunt  winding  to  draw  up 
the   armature. 

The  series  coil  performs  another  useful  purpo3e,  in  addition  to 
the  above,  in  the  satisfactory  operation  of  the  cutout.  If  a  cutout 
having  only  a  shunt  coil  were  made,  ihere  would  be  a  tendency  for 
the  cutout  to  open  and  close  at  something  like  the  same  value  of 
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generated  preaaure.  If  the  ear  were  driven  at  a  speed  such  that 
the  generated  preaaure  would  result  in  the  cutout  opening  and  clos- 
ing CDntinuous)^,  due  to  a  more  or  leaa  balaneed  relation  between 
the  magnetic  and  apring  pnll  on  the  armature,  the  contacta  would 
be  seriously  injured,  dne  to  the  hammer  action  at  the  contacta  and 
also  due  to  excesaive  sparking.  Tlie  seriea  coil  prevents  this  occur- 
ring in  the  following  manner;  the  shunt  coil  acts  alone  in  closing 
the  cutout,  as  there  ia  no  current  in  the  series  coil  until  the  cutout 
contact  is  closed  and  the  magnetic  pull  of  the  shunt  coil  is  just 
sufScient  to  overcome  the  spring  pull  on  the  armature  when  the 
e  is  drawn  up.     As  soon  as  the  circuit  ia  cloaed,  asauming 


Ftg.   133 — Complete  eiectroumgnetic   catoat.     The  (wo   ujjtullnee 

tend  to  eiinoilxe  (he  pressure  at  the  time  of  the  opening  and  closiag 

Of  the  cutout 

the  adjustment  is  properly  made,  the  seriea  coil  will  aaaist  the 
shunt  coil  in  holding  the  armature.  If  the  electrical  preasure  now 
decreases  in  value,  the  cutout  contacts  will  remain  closed  until  tho 
combined  magnetic  action  of  the  shunt  and  scries  coila  are  equal 
to  or  a  little  leas  than  the  magnetic  action  of  the  shunt  coil  alone 
at  the  time  the  contacts  were  first  closed.  In  practice  the  difference 
in  car  apceda  at  the  time  of  closing  and  opening  of  the  cutout 
contacts  is  something  like  2  miles  per  hour,  the  speed  at  which  they 
open  being  leaa  than  the  speed  at  which  they  close. 

Two-Pol«  Cutout 

The  cutout's  described  thus  far  liave  only  one  set  of  contacta  aid 
beiice  open  only  one  side  of  the  charging  circuit.  Such  cutouts  are 
called  single-pole  cutouts.  In  some  cases  the  construction  of  the 
cutout  is  auch  that  both  sidea  of  the  charging  circuit  are  opened 
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switch.  It  is  customary  to  attach  the  ignition  switch  to  the  start- 
ing switch  when  this  type  of  cutout  is  used,  and  for  this  reason  it 
might  be  said  that  a  manually  operated  cutout  will  always  be 
interconnected  with  the  ignition  switch  in  such  a  manner  that  the 
circuit  connecting  the  generator  and  battery  will  be  closed  when 
the  ignition  circuit  is  closed  and  opened  when  the  ignition  circuit 
is  opened.    A  diagrammatic  representation  of  a  system  of  this  kind 


Fig,  134 — ^Manual  cutout  showing  position  of  switch,  H,  when  the 

engine  is  idle 


is  shown  in  Fig.  134.  The  switch  in  this  case  is  composed  of  a 
curved  blade  B  provided  with  a  handle  H  and  pivoted  at  the  point 
O.  The  position  of  the  handle  shown  in  the  figure  corresponds  to 
an  idle  engine.  The  two  contact's  marked  Ci  and  Cs  are  for  the 
purpose  of  grounding  the  magnets  and  thus  cutting  off  the  ignition. 
The  dynamo  in  this  case  operates  as  a  motor  when  the  main  switch 
is  closed,  the  shunt  and  series  fields  acting  upon  the  magnetic 
circuit  in  the  same  direction.  As  the  machine  speeds  up,  the  pres- 
sure in  it's  armature  will  increase,  and  when  it  exceeds  the  pressure 
of  the  battery,  the  battery  will  start  to  charge.  When  the  battery 
is  charging,  the  shunt  and  series  magnetic  fields  act  on  the  magnetic 
circuit  of  the  dynamo  in  the  opposite  direction  with  respect  to  each 
other.  The  switch  may  be  placed  in  a  position  between  the  two 
extreme  positions,  which  results  in  the  ignition  being  operative  but 
the  battery  entirely  disconnected.  The  shunt  field  is  also  opened, 
which  prevents  there  being  a  pressure  generated  in  the  armature 
of  the  generator.  Rotary  switches  may  be  used  instead  of  the 
knife  type  shown  in  the  figure.  The  principles  involved  in  the 
manual  cutout  have  been  used  with  Westinghouse,  Bijur,  Delco, 
Dyneto  and  Entz  equipment. 


CHAPTER  XV 

Regulation  of  Generator  Output 

As  previously  explained,  the  output  of  a  generator  in  watts  is 
equal  to  the  product  of  the  current  in  amperes  the  generator  is 
delivering  and  the  pressure  in  volts  between  the  terminals  of  the 
machine.  Either  the  current  or  pressure  may  vary  in  value,  the 
other  remaining  practically  constant,  or  both  may  vary  in  value.  In 
the  majority  of  cases,  however,  an  attempt  is  made  to  maintain  either 
the  pressure,  frequently  called  the  voltage,  or  the  current  practically 
constant  in  value,  thus  giving  two  main  types  of  systems  known  as 
the  constant-voltage  and  constant-current  systems,  respectively. 

There  are  four  different  methods  of  regulating  the  output  of  a 
generator  and  they  may  be  classified  as  follows: 

(a)  Inherent  BegtUation.  This  type  of  regulation  is  that  ob- 
tained as  a  result  of  the  characteristics  of  the  generator  without 
the  use  of  any  moving  parts.  In  this  class  are  included  cumulative 
and  differential  series  field  windings  and  a  type  of  generator  hav- 
ing one  or  more  brushes  in  addition  to  those  required  in  delivering 
a  current  to  the  battery  and  known  as  a  third-hrush  machine.  The 
field  current  for  the  shunt  winding  is  taken  from  this  third  brush 
and  one  of  the  main  brushes. 

(b)  Electromagnetic  Begulation.  This  type  of  regulation  is 
produced  by  the  action  of  electromagnets  which  may  act  to  increase 
the  resistance  of  the  shunt  field  circuit  or  to  open  the  field  circuit 
or  to  change  the  connections  of  the  field  windings. 

(c)  Mechanical  Begulation,  This  type  of  regulation  is  produced 
by  the  action  of  centrifugally  operated  governors  which  may  act 
to  prevent  the  speed  of  the  generator  increasing  above  a  certain 
definite  value  or  to  insert  a  resistance  in  peries  with  the  field  wind- 
ing or  in  series  with  the  generator  and  the  battery. 

(d)  Begulation  by  Ampere-Hour  Meter.  This  type  of  regula- 
tion is  produced  by  means  of  an  ampere-hour  meter,  which  changes 
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the  resistance  of  the  field  circuit,  depending  upon  the  number  of 
ampere  hours  that  may  pass  into  or  out  of  the  storage  battery. 

All  the  above  types  of  regulation  are  found  in  many  different 
applications  and  in  combination  with  each  other,  giving  rise  to 
numerous  distinctive  types  as  used  by  the  different  manufacturers 
of  motor  car  generators. 

Cumulative  Action  of  Series  and  Shunt  Field  Windings 

When  the  magnetizing  action  of  the  current  in  the  series  an.d 
shunt  field  windings  of  a  generator  are  both  in  the  same  direction, 
the  action  is  said  to  be  cumtUative,  and  the  generator  is  called  a 
cumulative  compound-wound  machine.  A  compound-wound  machine 
of  this  kind  is  used  in  combination  with  a  constant-speed  machine. 
A  good  example  of  such  a  combination  is  found  in  some  of  the  older 
types  of  equipment  manufactured  by  Gray  &  Davis,  in  which  the 
generators  were  driven  at  a  constant  speed  by  means  of  a  cen- 
trifugal clutch. 

A  diagranunatic  scheme  of  connections  for  this  type  of  regula- 
tion is  shown  in  Figure  135.  When  there  are  no  lamps  lighted,  the 
shunt  winding  is  acting  alone  and  sufficient  pressure  is  generated 
in  the  armature  winding  to  overcome  the  pressure  of  the  battery 
and  produce  a  charging  current.  When  the  lamps  are  turned  pn, 
the  current  through  them  passes  through  the  series  field  and  in- 
creases the  magnetic  field  in  which  the  armature  is  rotating,  thus 
increasing  the  electrical  pressure  generated.  By  a  proper  adjust- 
ment of  the  turns  in  the  series  field  in  relation  to  the  current  taken 
by  the  lamps,  it  is  possible  to  cause  the  generator  to  carry  the  lamp 
load  and  to  continue  to  charge  the  battery  at  the  same  rate  it  was 
charging  the  battery  before  the  lamps  were  turned  on. 

Di£Ferential  Action  of  Series  and  Shunt  Field  Windings 

When  the  magnetizing  action  of  the  current  in  the  series  and 
shunt  field  windings  of  a  generator  are  in  opposite  directions,  the 
action  is  said  to  be  differential,  and  the  generator  is  called  a  differ- 
ential compound-wound  machine.  A  good  example  of  inherent  regu- 
lation in  which  the  shunt  and  series  fields  produce  opposing  mag- 
netizing effects  is  found  in  one  type  of  equipment  made  by  the 
Auto-Lite  Co.  A  diagrammatic  scheme  of  connections  for  this  type 
of  regulation  is  shown  in  Figure  136.  The  action  in  brief  is  as 
follows:  The  voltage  of  the  machine  is  built  up  with  an  increase 
in  speed  and  shunt  field  current  until  the  cutout  connects  the  gen- 
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erator  to  the  battery.  After  this  connection  is  made,  a  current  will 
be  established  in  the  series  field  winding  in  sucli  a  direction  that 
its  magnetizing  action  is  opposite  to  that  produced  bj  the  shunt 
field,  and  hence  the  magnetic  field  is  weakened.  With  a  further 
increase  in  speed  there  will  be  an  increase  in  generated  pressure  in 
the  armature  of  the  generator,  which  will  cause  an  increase  in  the 
value  of  the  current  produced  in  the  series  winding  and  battcrj  and 
JHONT        5EIUE3  SfilrNT        JERIM 


Fill.  135 — Regulation  pro-  Ftg.  136 — Beguiation  pro- 
duced by  cumulalire  action  of  duced  by  differential  action  of 
(cries  and  shunt  fields.  The  series  and  shunt  fields.  Tlt« 
series  field  carries  onlji  the  cur.  teriet  field  carries  the  total  cur- 
rent supplied  to  the  lamps  rent  supplied  by  the  generator 

also  an  increase  in  the  current  in  the  shunt  field  winding.  Since  the 
magnetizing  action  of  the  series  field  is  opposed  to  tlie  magnetizing 
action  of  the  shunt  field,  the  increase  in  generated  pressure  due  to 
an  increase  in  speed  will  not  be  as  great  when  both  fields  are  acting 
as  when  the  shunt  field  is  acting  alone.  In  this  case  all  the  current 
supplied  by  the  dynamo  passes  through  the  series  field  winding. 

Bucking  Seriei  Field  Winding 

The  bucking  series  Geld  winding  is  really  a  differential  or  reversed 
series  field  winding,  the  only  difference  being  that  the  series  field 
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winding  does  not  carry  all  or  necessarily  a  definite  part  of  the 
current  delivered  by  the  generator.  The  operation  of  the  bucking 
coil  may  be  expMined  by  reference  to  Fig.  137,  which  is  exactly  the 
same  as  Fig.  136  with  a  coil  of  iron  wire  W  connected  in  parallel 
with  the  series  field  winding.  The  resistance  of  iron  wire  increases 
with  an  increase  in  temperature  and  this  increase  is  very  rapid 
after  a  certain  temperature  has  been  reached.  Now,  when  the 
current  delivered  by  the  generator  is  small  practically  all  the  current 
passes  through  the  coil  W,  as  its  resistance  is  much  less  than  the 
resistance  of  the  series  field  winding.  As  the  current  delivered  by 
the  generator  increases,  the  temperature  of  the  iron  wire  will  in- 

^HUNT      <5ERIES 


Fig.  137 — Regulation  produced  ty  hucking-coil,  A  coil  whose 
resistance  changes  with  ,tem<perature  is  connected  in  parallel  with 
the  series  field,  which  acts  differentially  with  respect  to  the  shunt  • 
field.  Here  the  shunt  is  shown  connected  directly  across  the 
brushes  for  simplicity,  hut  in  practice  the  terminal  shoicn  here 
connected  to  the  upper  brush  is  connected  to  the  battery  line  be- 
tween the  battery  and  the  juncture  of  the  series  field  and  ballast 
coil.     This  gives  a  more  even  pressure 

crease.  Hence,  there  is  an  increase  in  the  resistance  it  offers,  and 
as  a  result,  a  larger  part  of  the  total  current  delivered  by  the  gen- 
erator will  pass  through  the  series  field  winding.  This  increase  in 
current  in  the  series  field  prevents  as  large  an  increase  in  generated 
voltage  as  would  occur  if  no  series  field  were  used.  When  the 
current  supplied  by  the  generator  is  reduced,  the  temperature  of 
the  iron  wire  is  lowered  and  the  division  of  the  total  current  between 
the  series  field  and  coil  W  is  restored  to  its  previous  value.  This 
system  of  regulation  is  used  on  some  of  the  equipment  of  the 
Bosch  Magneto  Co. ;  also  on  the  equipment  of  the  Kushmore  Dynamo 
Works,  which  is  now  a  part  of  the  Bosch  Magneto  Co. 


ilEGULATION  OF  GENERATOR  OUTPUT  19S 

Third-Brush  Machine 

In  order  to  understand  the  operation  of  the  third-brush  maehiue 
it  will  be  necesfiary  to  make  a  brief  atud;  of  the  magnetizing  action 
of  the  current  in  the  armature  winding  of  a  generator  in  combina- 
tion with  the  magnetizing  action  of  the  current  in  the  field  windings. 

A  croas-seetion  through  the  armature  anil  poles  of  a .  two-poie 
generator  is  shown  in  Fig.  138.  The  wires  on  the  surface  of  the 
armature  are  represented  bj  twenty  small  circles  spaced  equal  dis- 
tances apart  around  the   outside  of  tbe  large  circle  which  is  Eup- 


Fiij.  138— C™.. „.,.    __ 

generaior,  aboiciag  magaetie  field  produced   by   the   ttetd   c 
alone.     If  you  tPiH  think  of  the  +  and  —  signs  as  being  r 
ticety  the  feathered  end  and  flattened  potui  of  on.  arrow,  Ih 
gram  ftecomes  plainer 


posed  to  represent  the  armature  core.  As  a  matter  of  fact,  there 
are  more  than  twenty  wires  on  the  surface  of  the  armature,  but 
this  nuniber  has  been  used  to  simplify  the  diagram,  the  results 
being  exactly  the  same.  The  polarity  of  the  poles  is  indicated  by 
N  and  8;  the  polarity  of  the  armature  core  by  N  and  S;  and  the 
direction  of  the  magnetic  Held  by  the  small  arrows. 

If  the  armature  be  revolved  in  the  cloek-wiBe  direction,  as  indi- 
cated by  the  large  curved  arrow  at  the  top  of  the  figure,  an  elec- 
trical pressure  whose  direction  is  away  from  the  observer  will  be 
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indnced  in  the  wires  on  the  left-hand  side  of  a  vertical  line  tiirougli 
the  armature,  and  an  electrical  pressure  nhose  direction  is  tovrard 
the  observer  will  be  induced  in  the  wires  on  the  right-hand  side 
of  the  armature.  An  electrical  pressure,  or  current,  toward  the 
surface  of  the  paper  is  represented  by  a  plus  (  +  )  sign  and  one 
awaj  from  the  observer  bj  a  minus  ( — )  sign.  If  you  mill  think  of 
the   -J-  and  —  signs  as  being  respectively   the  feathered   end  and 


flattened  point  of  an  arrow  pointing  along  the  wire,  the  diagram 
becomes  plain.  The  direction  of  the  current  always  can  be  found 
by   the  Bight-Hand  Rule  mentioned  previously. 

The  wires  on  the  surface  of  the  armature  are  aU  interconnected 
by  the  commutator  segments,  and  a  current  will  be  produced  in 
them  when  the  brushes  resting  on  the  commutator  are  connected 
to  a  dosed  electrical  circuit.  This  current  in  the  armature  will 
produce  a  magnetizing  action  just  the  same  as  the  current  in  the 
Held  windings.  The  magnetic  effect  of  the  current  in  the  armature 
winding  of  the  generator  may  be  investieated  hj  sending  a,  current 
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tbrongb  the  armature  from  an  ontBide  souri^e,  BDch  as  a  battery,  in 
the  e&me  direction  as  the  current  the  generator  itself  would  pro- 
dace,  with  the  armiitnre  standing  still  and  no  current  in  the  field 
windings.  The  general  form  of  the  magnetic  field  produced  hj  the 
armature  current  would  correspond  to  the  dotted  lines  shown  in 
Fig.  139,  and  its  direction  through  the  armature  would  be  from 
the  lower  toward  the  upper  side.    The  polarity  of  the  armature  is 


[> 


Ftg,  140— Cra3«- section  fhrough  fleldi  and  arnHiiure  of  a  tico-pole 

eenerator,  sboirina  resvifant  moffnetie  fletd  proiiuitea  by  armature 

and  field  currents  acting  at  the  same  time 

indicated  by  N  and  8  in  the  figure.  As  a  matter  of  fact,  this 
magnetic  field  can  never  exist  alone,  but  the  magnetizing  effect  of 
the  armature  current  combines  with  the  magnetizing  effect  of  the 
field  current  to  form  a  resultant  field  whose  general  form  will  cor- 
respond  to  the  one  shown  in  Fig.  140. 

The  magnetizing  effects  of  the  armature  and  field  currents  may 
be  considered  just  the  same  as  two  mechanical  forces  which  are 
acting  on  an  object  at  right  angles  to  each  other.  Thus  the  direc- 
tion of  tbe  magnetizing  force  of  the  field  current  may  be  represented 
by  the  line  marked  F  in  Fig.  141,  and  its  direction  corresponds  to 
the  direction  in  which  the  arrow  head  points.     Likewise,  the  mag- 
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netizing  effect  of  tlie  annatnre  enrrent  niay  he  represented  by  tlie 
line  A,  and  its  direction  correeponds  to  the  direction  in  which  the 
arrow  head  points.  Tfae  two  forces  combine  to  form  the  resultant 
force  E,  which  produces  the  magnetic  fieW  whose  direction  cor- 
responds to  the  arrow  head.  The  angle  the  resultant  E  makes  with 
the  horizontal  will  depend  upon  the  relation  between  the  two  forces, 
A  and  P,  the  larger  the  value  of  A  the  greater  the  angle,  Thla 
magnetizing    action    of   the    armature    current    is   called    armature 


If  the  brushes  be  placed  on  the  commutator  in  such  a  position 
that  they  reat  on  segments  that  are  connected  to  conductors  on  the 


Fig    142 — Diagram   at  armattirr   ioJiuHbp   on   a  D'Ico   generator, 
bach  CO  I  is  icpresentei  bp  a  single  turn 

surface  of  the  arnriture  in  which  there  is  no  induce  1  electrical 
(ressure  a  maaimum  voltage  for  a  given  field  strength  and  speed 
«ill  esiat  between  them  The  brushes  A  and  B  in  Fig  138  are 
whown  in  &  josition  for  maMmum  \oltage  If  a  third  brush  C  be 
pHced  on  the  tommutatoi  mi  1wa%  betneen  the  brushes  A  and  B, 
the  \oltage  between  A  and  C  will  be  exa  tlv  the  same  as  the  voltage 
between  C  an  1  B  because  the  same  amount  ot  magnetic  flux  is  cut 
tv  the  eonlu  tors  m  moving  from  O  to  A  as  is  cut  in  moving  from 
B   to  C      When  the   magnetic  field   is    listorted    due   to   armature 
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reaction,  as  shown  in  Fig.  140,  the  voltage  between  B  and  C  wUl 
he  less  than  the  vo]tage  between  C  and  A,  since  there  is  a  greater 
aniouHt  of  magnetic  flui£  cut  by  the  conductors  in  moving  from 
C  to  A  than  ia  cut  by  them  in  moving  from  B  to  C. 

The  position  of  the  brushes  shown  in  Fig.  138,  139  and  140  does 
not  correspond  to  their  actual  position  in  practice,  on  account  of 
having  the  end  connections  of  the  armature  winding  all  of  prac- 
tically the  same  length.  The  armature  winding  of  a  Delco  gen- 
erator is  shown  tHagrammatieally  in  Fig.  142.  The  winding  can 
be  imagined  as  being  removed  from  the  surface  of  the  armature  and  . 
laid  out  flat  with  the  pole  pieces  shown  shaded.  The  commutator 
segments  are  spread  out  and  shown  in  their  proper  relation  to  the 


main  brH»lie»  arc  iippoeile  the  centers  of  the  poles 

armature  conductors.  The  various  coils  composing  the  armature 
windings  are  connected  together  at  the  commutator  segments,  and 
in  order  that  the  ends  of  these  coils  leading  out  to  the  commutator 
segments  be  of  the  same  length  and  form,  it  is  necessary  that  the 
segments  to  which  the  terminals  of  a  coil  are  connected  be  as  near 
the  center  of  the  coil  as  possible.  For  eiample,  starting  with  seg- 
ment number  two  and  tracing  through  a  coil,  you  end  up  at  seg- 
ment number  three,  etc.,  and  segments  two  and   three   are  placed 
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opposite  the  centers  of  Uie  coils  which  are  Bhown  connected  bo  them 
in  the  diAgrani. 

In  order  to  eimpli^  the  diaBTani  each  coil  ie  represented  as 
being  composed  of  a,  single  turn.  With  this  type  of  connection  tha 
main  brushes  will  be  in  positions  opposite  the  centers  of  the  poles, 
as  shown  in  Fig.  142  and  143.  The  voltage  between  the  brushes 
B  and  C  will  become  a  Bmaller  and  smaller  part  of  the  total  voltage 
between  the  bmsheB  A  and  B  as  the  magnetic  field  of  the  generator 
is  distorted,  due  to  the  magnetisdng  action  of  the  armature  currenL 


Fig.  Hi — Onrvtl  ihomino  relatian  of  ihunt  current  and  delivered 
current  to  the  speed  of  car  In  mileg  per  hour  and  tpeed  of  ffeneratar 
In  re4>olHt{oni  per  oMnute  Jor  a  Delco  thiril-Bruaft  penerator 

The  shunt  field  winding  ia  connected  to  the  brushes  B  and  C,  and 
the  current  in  this  winding  decreases  with  an  inereaae  in  speed  of 
the  generator,  as  shown  by  the  curve  marked  shunt  field  current 
in  Fig.  144.  The  current  delivered  bj  the  generator  increaseB  in 
value  with  an  increase  in  speed  up  to  a  certain  maximum  value  and 
then  starts  to  decrease  with  further  increase  in  speed,  due  to  the 
weakening  of  the  magnetic  field,  as  shown  by  the  curve  in  Fig.  144. 

BectrotnagneBc  Regulation 

Inserting   Besistance   in   Field   Circuit   Intermittently   by  Means 
of   a   Magnetic   Vibrator:      The   principal   of   tiiis   type   of   legu- 
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lation  can  best  be  understood  hy  referring  to  Fig.  145,  which 
shows  in  a  diagrammatic  form  the  electrical  connections  of  the 
generator,  battery  and  regulator.  The  regulator  consists  of  an 
electromagnet  with  a  winding,  M,  of  wire  large  enough  to  carry 
all  the  current  delivered  by  the  generator  and  connected  directly 
in  series  with  the  generatpr  and  battery.  An  armature,  A,  is 
mounted  near  one  end  of  the  elctromagnet  and  normally  held 
away  from  the  core  of  the  electromagnet  by  means  of  a  spring,  S. 
When  the  armature  moves  toward  the  core  of  the  electromagnet 
a  contact  is  broken  at  0.  The  generator  is  of  the  shunt  type 
with  one  terminal  of  the  field  winding  connected  to  one  terminal 
of  the  machine  and  the  other  terminal  connected  to  the  remain- 
ing terminal  of  the  machine  with  the  contact,  0,  on  the  regulator 
in  series.  A  resistance,  R,  is  connected  across  the  terminals  of 
the  contact  0  and  when  this  contact  is  opened,  due  to  the  action 
of  the  electromagnet,  the  resistance  R  is  in  series  with  the 
shunt  field  winding. 

The  actual  operation  of  the  regulator  is  as  follows:  As  the 
generator  speeds  up  the  electrical  pressure  between  its  terminals 
increases,  and  when  it  has  reached  a  value  ample  to  charge  the 
battery  the  cutout  will  connect  the  generator  and  battery  to- 
gether and  the  battery  will  start  to  charge.  With  a  further  in- 
increase  in  the  electrical  pressure  between  the  terminals  of  the 
generator,  the  current  delivered  to  the  battery  will  increase,  and 
unless  some  means  be  provided  for  limiting  the  value  of  the  pres- 
sure of  the  generator  this  current  will  become  excessively  high 
and  do  damage  to  both  the  generator  and  battery.  As  the  cur- 
rent in  the  winding  of  the  electromagnet  increases  in  value,  there 
is  an  increase  in  the  magnetic  attraction  the  core  of  the  electro- 
magnet has  upon  the  armature,  and  when  this  attraction  is  suffi- 
cient to  overcome  the  action  of  the  spring  S  the  armature  will 
move  and  break  the  contact  C  and  introduce  the  resistance  R  in 
series  with  the  field  winding.  When  the  resistance  R  becomes  a 
part  of  the  shunt  field  circuit,  the  current  in  the  field  winding 
is  reduced  in  value,  which  causes  a  reduction  in  the  strength  of  the 
magnetic  field  in  which  the  armature  is  revolving  and,  hence,  a 
reduction  in  the  electrical  pressure  generated  in  the  armature 
winding. 

This  reduction  in  electrical  pressure  results  in  the  value  of 
the  current  supplied  to  the  battery,  which  passes  through  the 
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tcinding  M  is  of  lai 

fa  connrcled  fn  set 

getieralor  and 


winding  M,  decreasing  in  value, 
of  tlic  elcctrODiBgnel 
of  the  spring 


Fig.  IK — Coniiecliana  oj  e(ec> 
tromagnflic  regalator  t«  mafft- 
tain  tonalant  voltage.  The 
winding  M  hat  more  tarna  and 
it   connected    directly    to    tlie 

terminals  of  (Be  generator 
id  the  magnetic  pul)  of  tbe  cor« 
no  longer  aufficient  to  overcome  the  puU 
armature  moves  away  from  the  core  and 


ciih  the 


'nntact  C  is  closed.    The  closing  of  the  contact  C  short- circuits 
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the  resistance  R,  and  the  field  current  starts  to  build  up.  At 
the  same  time  the  magnetic  field  in  which  the  armature  is  revolv- 
ing increases,  which  results  in  an  increase  in  the  generated  elec- 
trical pressure  in  the  armature  and,  hence,  an  increase  in  the  cur- 
rent in  the  winding  M.  The  armature  A  again  is  drawn  over 
toward  the  core  of  the  electromagnet,  breaking  the  contact  C 
and  reintroducing  the  resistance  R  in  the  field  circuit.  This 
operation  is  repeated  over  and  over  hundreds  of  times  a  minute, 
and  the  current  delivered  by  the  generator,  which  passes  through 
the  winding  M,  is  maintained  practically  constant  at  a  value  de- 
pending upon  the  adjustment  of  the  spring  S  and  the  length  of 
the  air  gap  between  the  armature  and  the  end  of  the  core  of  the 
electromagnet.  The  stronger  the  spring  S  and  the  larger  the  air 
gap,  the  greater  the  value  of  the  current  in  the  winding  M 
must  be  in  order  that  the  armature  be  drawn  toward  the  core  of 
the  electromagnet  and  the  contact  C  broken.  Likewise,  the 
weaker  the  spring  S  and  the  shorter  the  air  gap,  the  less  current 
required  in  the  winding  M  to  repeat  the  above  operation. 

A  slight  variation  in  the  winding  of  the  electromagnet  and  its 
connections  may  be  made  as  shown  in  Fig.  146,  when  it  is  desired 
to  maintain  a  constant  voltage  at  the  terminals  of  the-  generator 
rather  than  a  constant  current,  independent  of  the  speed  of  the 
generator  armature.  The  only  difference  is  that  the  winding  M 
of  the  electromagnet  is  composed  of  a  relatively  large  number  of 
turns  of  much  smaller  wire  and  this  winding  is  connected  directly 
to  the  terminals  of  the  generator  rather  than  in  series  with  the 
generator  and  battery  as  in  Fig.  145.  The  current  in  the  winding 
M.  will  increase  and  decrease  with  generator  voltage,  and  when 
the  voltage  is  high  enough  to  produce  sufficient  current  in  the 
winding  so  that  the  magnetic  pull  on  the  armature  A  will  over- 
come the  action  of  the  spring  S,  the  contact  C  will  be  broken  and 
the  resistance  R  introduced  in  series  with  the  field  winding.  The 
action  of  the  resistance  R  is  exactly  the  same  as  in  Fig.  145,  and 
when  the  electrical  pressure  has  decreased  to  such  a  value  that 
the  current  it  is  capable  of  producing  in  the  winding  M  does 
not  produce  sufficient  magnetic  pull  on  the  armature  to  overcome 
the  action  of  the  spring  S,  the  armature  will  move  away  from  the 
core  and  the  contact  C  will  be  closed,  thus  short-circuiting  the 
resistance  R. 

The  voltage  of  the  generator  builds  up  again  until  the  magnetic 
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pull  due  to  the  curreut  iu  M  oveicomeH  the  acttoa  of  the  apring  S, 
etc.  Thia  operation  is  repeated  hundreds  of  timea  each  minute, 
and  the  voltage  of  the  generator  remaina  praetically  constant. 
The  value  of  the  voltage  the  generator  will  maintain  will  depend 
upon  the  length  of  the  air  gap  between  the  armature  and  the 
core  of  the  electromagnet  and  alao  the  tension  on  the  spring  B. 


The  greater  the  length  of  the  air  gap  and  the  stronger  the  tension 
in  the  spring  the  greater  the  value  of  the  voltage  tbe  generator 
will  maintain,  as  a  larger  current  will  be  required  in  the  winding 
M  to  attract  the  armature  and  this  larger  current  will  be  produced 
only  when  the  voltage  increaees,  as  the  reaiatance  of  the  winding 
is  praiAically  constant.  Likewise,  a  decrease  in  the  length  of 
the  air  gap  and  the  weaker  the  spring,  tbe  lower  the  value  of  the 
voltage  the  generator  will  maintain. 

This  principle  of  operation  has  been  used  by  tbe  Deleo,  Gray  & 
Davis,  North  East,  Ward  Leonard,  Remy,  Simma-Huff  and  Allis- 
Chalmers. 

Systems  having  electromagnetic  types  of  regulators  nearly  al- 
ways have  an  electromagnetic  cutout.  The  two  are  usually  com- 
bi^d  in  one  housing,  or  containing  case,  and  the  combination  ia 
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spoken  of  as  a  controller.  In  some  cases  a  single  electromagnet 
with  two  windings  will  be  used,  while  in  some  cases  two  electro- 
magnets will  be  used,  one  for  the  regulator  and  one  for  the  cut- 
out. The  connection  of  a  controller  with  a  single  electromagnet 
is  shown  diagrammatically  in  Fig.  147.  The  electromagnet  is  so 
arranged  that  the  left-hand  armature  Ai  will  be  attracted  when 
the  current  in  the  winding  M^  produces  sufficient  magnetic  pull 
on  the  armatures  to  overcome  the  action  of  the  spring  Si.  When 
the  armature  Ai  is  drawn  over  toward  the  core  of  the  electro- 
magnet, the  contact  Ci  is  closed  and  the  generator  and  battery 
are  connected  in  series,  and  the  generator  starts  to  charge  the 
battery,  the  current  passing  through  the  winding  M2  on  the  elec- 
tro-magnet. As  the  current  in  the  winding  M2  increases,  due 
to  any  cause^  there  will  be  an  increase  in  magnetic  pull  on  the 
armature  A  ,  and  when  this  pull  is  sufficient  to  overcome  the 
action  of  the  spring  S2  the  armature  A2  will  be  drawn  over  to 
the  left  and  the  contact  C2  broken.  The  resistance  B  causes  the 
current  in  the  field  winding  to  decrease,  and,  hence,  there  is  a 
decrease  in  generated  voltage  and  also  a  decrease  in  the  value  of 
the  current  in  winding  M2. 

When  the  magnetic  action  of  the  currents  in  windings  M^  and 
M2  have  decreased  to  such  an  extent  that  the  armature  A2  is 
drawn  away  by  the  action  of  the  spring  82,  the  resistance  R  is 
short-circuited  and  the  voltage  starts  to  build  up  again,  thus  in- 
creasing the  current  in  the  windings.  When  the  voltage  decreases 
below  that  required  to  charge  the  battery,  assuming  the  adjust- 
ment of  the  spring  81  and  the  length  of  the  air  gap  between  the 
armature  Ai  and  the  core  of  the  electromagnet  are  correct,  the 
magnetic  pull  due  to  the  current  in  the  winding  Mj  is  no  longer 
sufficient  to  overcome  the  action  of  the  spring  Si  and  the  contact 
Ci  is  broken,  and  the  generator  and  battery  are  no  longer  con- 
nected in  series.  The  magnetic  pull  required  to  overcome  the 
action  of  the  spring  Si  is  less  than  that  required  to  overcome 
the  action  of  the  spring  82,  which  accounts  for  the  armature  Ai 
being  drawn  over  before  the  armature  A2.  When  the  generator 
is  charging  the  battery,  the  currents  in  the  windings  Mi  and  M2 
pass  around  the  core  of  the  electromagnet  in  the  same  direction, 
but  if  the  battery  should  start  to  discharge  into  the  generator 
for  any  reason  the  magnetic  action  of  the  current  in  the  winding 
M2  will  oppose  the  magnetic  action  in  Mi  and  the  armature  Ai 
will  move  away  from  the  core,  breaking  the  contact  Ci. 


206         ELECTRICAL  EQUIPMENT  OF  THE  MOTOR  CAR 

The  wiring  diagram  of  the  combined  regulator  snd  entout  of 
the  Alii s-Chalm era  Co.  ib  shoTrn  in  Fig.  146.  In  this  caae  a  single 
electromagnet  with  two  windings  is  used.  One  of  these  windings, 
the  shunt,  serves  the  purpose  of  a  cutout,  while  the  other,  the 
series,  regulates  the  ralue  of  the  charging  current.  When  the 
generator  voltage  is  sufficient  to  charge  the  battery,  the  magnetic 
action  of  the  current  in  the  shunt  winding  attracts  the  armature 
carrying  the  cutout  contact  and  the  battery  starte  to  charge,  the 


current  in  the  series  coil  assisting  the  current  in  the  shunt  coil 
in  holding  the  armature  in  place.  If  the  charging  current  in- 
creases, due  to  any  cause  such  as  an  increase  in  the  speed  of  the 
generator,  the  magnetic  puU  on  the  second  armature  will  increase 
and  at  some  particular  value  of  charging  current  the  second  arma- 
ture will  start  to  vibrate.  The  vibration  of  the  second  armature 
will  cut  in  and  out  a  resiatanen  in  the  field  of  the  generator,  which 
will  cause  a  reduction  in  the  charging  current  by  lowering  the 
voltage  of  the  generator. 
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Inserting  Resistance  in  Field  Circuit  Intermittently  By  Means 
of  a  Magnetic  Vibrator  in  Combination  With  a  Load  Control: 
The  wiring  diagram  of  the  Remy  controller  shown  in  Fig.  149 
illustrates  the  use  of  a  magnetic  vibrator  that  is  influenced  by 
the  lamp  load  in  such  a  manner  that  the  output  of  the  generator 
is  automatically  increased  whenever  the  lamps  are  lighted  and  the 
engine  is  running  at  a  speed  high  enough  to  charge  the  battery. 
The  cutout  has  a  series  winding  M^  and  a  shunt  winding  M2. 
As  the  voltage  of  the  machine  builds  up,  the  current  in  the  wind- 
ing M2  increases  until  there  is  sufficient  magnetic  pull  on  the 
armature  Ai  to  draw  it  over  against  the  action  of  the  spring  S^ 
and  close  the  contact  Ci.  The  contact  Cj  completes  the  circuit 
beween  the  generator  and  the  battery,  and  the  battery  starts 
to  charge,  the  current  passing  through  the  series  winding  M2  and 
the  winding  M3  on  the  second  electromagnet.  When  this  current 
exceeds  a  certain  value  the  armature  A2  is  drawn  over  by  the 
magnetic  pull  and  the  contacts  at  C2  are  broken  and  the  resistances 
Ri  and  R2  introduced  in  series  with  the  field  windings.  The 
field  current  decreases  in  value,  and,  hence,  the  generated  voltage 
which  causes  a  decrease  in  the  value  of  the  charging  current  in- 
creases. As  the  charging  current  decreases  in  value  the  magnetic 
pull  on  the  armature  A2  decreases,  and  finally  the  spring  S2  pulls 
the  armature  away  from  the  core  of  the  electromagnet  and  the 
contacts  at  C2  are  closed.  The  closing  of  the  contacts  at  C2  short- 
circuits  the  resistances  Ri  and  R2>  The  voltage  of  the  generator 
then  starts  to  build  up,  and  the  above  cycle  of  operations  is 
repeated  many  hundred  times  a  minute. 

A  connection  is  made  to  the  winding  M3  at  the  point  D,  as 
shown  in  the  figure^  and  the  current  for  the  lamps  passes  through 
only  a  portion  of  the  winding  M3.  The  current  delivered  by  the 
generator  with  the  lamps  turned  on  will  be  greater  than  when  the 
lamps  are  turned  off,  for  the  following  reason:  When  the  lamps 
are  turned  on  the  magnetic  pull  on  the  armature  A2  is  due  to  the 
magnetic  action  of  the  charging  current  going  to  the  battery  and 
passing  through  the  entire  winding  M3  plus  the  magnetic  action 
of  the  lamp  current  passing  through  the  part  of  the  winding 
M3  from  the  left-hand  end  to  the  point  D.  It  is  obvious  that  the 
total  magnetic  action  of  these  two  currents  will  be  less  than  the 
magnetic  action  of  a  current  equal  to  the  sum  of  the  two  and 
passing  through  the  entire  winding.  Hence,  since  the  magnetic 
action  on  the  armature  A2  is  to  be  the  same  when  the  tension  of 
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Fig.  149 — Here  the  lamp  loori  Fig.  150 — Thi»  system  of  eleo- 

affecta  the  vibrator  so  that  the  tricat  connection  makee  use  of 

generator     output      iacreaaea         a  vibrating  magnet  *«  com6(- 

tchen    the    lamps   are   lighted  nation    Kith   a   bucking   coil. 

and  the  engine  is  charging  the         Such  regulation  J»  seldom  en- 

iattery  countered^  ftowever 

the  spring  Sj  is  overcome,  no  matter  wbether  the  lamps  be  turned 

on  OT  not,  the  sum  of  the  lamp  current  and  the  current  to  the 

batterj  will  be  greater  than  the  current  to  the  batterj  when  the 

lamps  are  turned  off. 
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Energizing  the  Bucking  Coil  Intermittently  by  Means  of  a  Mag- 
netic Vibrator:  A  system  of  regulation,  that  is  very  seldom  en- 
countered, makes  use  of  a  vibrating  magnet,  similar  to  those  pre- 
viously described,  in  combination  with  a  bucking  coil.  The  prin- 
ciple of  operation  of  such  a  system  can  be  easily  understood  by 
reference  to  Fig.  150.  The  resistance  R  in  Fig.  145  has  been  re- 
placed by  an  additional  field  winding,  which  carries  a  current  when 
the  contact  C  is  open.  The  direction  of  the  current  in  the  buck- 
ing coil  is  such  as  to  produce  a  magnetizing  effect  in  the  opposite 
direction  to  that  produced  by  the  current  in  the  main  or  shunt 
field  winding.  Some  systems  have  made  use  of  the  bucking  coil 
in  parallel  with  the  resistance,  and  only  a  part  of  the  shunt  field 
current  passes  through  the  bucking  coil. 

Electromagnet  Used  in  Combination  with  a  Carbon  Field 
Resistance:  The  carbon  used  in  the  construction  of  field  re- 
sistances is  in  two  forms.  One  form  consists  of  a  large  number 
of  small  carbon  discs  piled  on  top  of  each  other  and  normally 
held  together  tightly  under  the  tension  of  a  spring,  so  that  their 
resistance  is  quite  low.  The  armature  of  the  regulator  is  attached, 
to  the  spring  so  the  magnetic  pull  on  the  armature  lessens  the 
tension  of  the  spring  holding  the  carbon  discs  together  and  the 
resistance  of  the  combination  is  increased,  due  to  the  fact  that 
the  various  discs  are  making  poorer  contact  with  each  other  than 
they  were  when  the  tension  of  the  spring  holding  them  together 
was  at  its  maximum  value.  The  magnetic  pull  on  the  armature 
of  the  electromagnet  will  depend  on  the  value  of  the  current  in 
the  winding,  which  may  be  arranged  to  vary  as  the  current  from 
the  generator  by  connecting  the  winding  in  series  with  the  gen- 
erator, or  as  the  voltage  of  the  generator  by  connecting  the  wind- 
ing to  the  terminals  of  the  generator.  In  the  first  case  the  wind- 
ing will  consist  of  a  small  number  of  turns  of  large  wire,  while 
in  the  second  case  the  winding  will  consist  of  a  relatively  large 
number  of  turns  of  small  wire.  Carbon  resistances  composed  of 
discs  have  been  used  in  some  models  of  the  U.  S.  L.  and  Aplco 
equipment. 

The  other  form  of  carbon  in  the  construction  of  field  resistances 
is  the  finely  divided,  or  powdered,  carbon  in  combination  with 
small  flakes  of  mica.  This  mixture  of  carbon  and  mica  is  carried 
in  a  suitable  cup,  or  cylinder,  and  is  compressed  by  a  plunger 
which  normally  is  held  against  the  mixture  under  the  action  of 
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a  spring.  The  action  of  the  spring  is  counteracted  to  varying 
degrees  by  the  magnetic  pull  of  an  electromagnet,  and  the  pres- 
sure of  the  plunger  against  the  mixture  of  carbon  is  varied.  The 
small  particles  of  mica  give  to  the  mixture  a  springiness  which 
causes  the  particles  of  carbon  to  separate  to  a  certain  extent 
when  the  pressure  is  reduced  and  as  a  result  increases  the  re- 
sistance of  the  mixture.  A  good  example  of  this  type  of  carbon 
resistance  is  found  in  the  voltage  regulator  of  the  Bosch  com- 
pany. 

The  operation  of  the  XJ.  S.  L.  regulator  that  has  the  carbon- 
disc  resistance  may  be  understood  readily  by  reference  to  Fig. 
151,  which  gives  a  wiring  diagram  of  the  connections.  In  this 
system  two  storage  batteries  are  used.  They  are  charged  in  par- 
allel and  discharged  in  series  through  the  starting  motor,  the 
change  in  connections  being  made  by  the  starting  switch.  The 
connections  in  the  starting  switch  for  both  the  generating  and 
starting  positions  are  shown.  The  circuits  through  the  regulator 
may  be  traced  as  follows:  Starting  with  the  generator  terminal 
marked  A+,  which  corresponds  to  the  positive  set  of  brushes, 
go  to  the  contact  G-|-  of  the  touring  switch  and  then  to  the  ter- 
mii<al  A-|-  on  the  controller.  From  the  terminal  A+  on  the  con- 
troller you  may  return  to  the  negative  set  of  brushes  on  the  gen- 
erator by  two  circuits.  One  of  these  circuits  is  from  A-}-  on  the 
controller  through  the  lower  coil,  called  the  shunt  winding  in  this 
case,  to  the  terminal  B2-;  thence  to  the  terminal  B2-  on  the 
starting  switch;  thence  from  A-  on  the  starting  switch  to  A-  on 
the  generator;  thence  through  the  series  winding  on  the  fields  to 
the  negative  set  of  brushes,  and  then  through  the  armature 
winding  back  to  the  starting  point,  or  generator  terminal  A+. 
The  second  circuit  between  the  terminal  A+  on  the  controller 
and  the  negative  set  of  brushes  on  the  generator  is  through  the 
carbon  resistance  indicated  at  the  top  of  the  regulator  to  the 
terminal  F+;  thence  through  the  shunt  field  winding  to  the 
junction  of  the  shunt  and  series  field  windings,  which  corresponds 
to  the  negative  set  of  brushes  on  the  generator;  and  then 
through  the  armature  winding  back  to  the  starting  point,  or  gen- 
erator terminal  A-f . 

As  the  voltage  of  the  generator  builds  up,  due  to  increase  in 
speed  and  field  strength,  the  current  in  the  shunt  winding  on  the 
controller,   which   is   connected  between  the  terminals  A+   and 


REGULATION  OF  GENERATOR  OUTPUT 


211 


"BZ-,  increases  in  value.  When  the  magnetic  pull  dno  to  the  <.'nr- 
rent  in  the  shunt  winding  reaches  a  certain  value,  an  armature 
of  the  electromagnet  is  drawn  over  and  the  contacts  between 
the   terminala  A+   and  B2+   on  the  controller  are  closed.     The 
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Fig.    151- — Thit    icirinff    aiaffram    ahoics    the    coimectiona    of    the 
V.  S.  L.  regulator  and  cutout.     The  Jleld  reiittance  fi  In   the 
carbon  diic  form 
closing  of  these  contacts  completes  a  circuit  between  the  positivo 
and  negative  terminals  of  the  generator  through  the  batteries. 
This  circuit  may  be  traced  as  follows:    From  A+  on  the  gener- 
ator through  the  contacts  G+  on  the  touring  switch  to  the  ter- 
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minal  A-f-  on  the  controller;  thence  through  the  series  winding 
and  contacts  to  the  terminal  B2-4-  on  the  controller;  thence 
through  the  ammeter  to  the  contacts  B-f-  on  the  touring  switch. 

From  the  right-hand  contact,  marked  B-f-,  on  the  touring  switch, 
the  circuit  divides,  one  going  directly  to  the  terminal  B2+  of 
the  upper  battery  through  the  battery  to  the  terminal  B2-,  and 
then  to  the  negative  terminal  of  the  generator.  The  second  cir- 
cuit goes  to  B2-|-  on  the  starting  switch;  thence  to  B1+  on 
starting  switch;  thence  to  the  terminal  B1+  of  the  lower  bat- 
tery through  the  battery  to  the  terminal  B1-,  and  thence  to  the 
negative  terminal  of  the  generator.  When  the  above  connections 
are  made  the  generator  is  charging  the  two  batteries  in  parallel 
and  the  ammeter  is  indicating  the  sum  of  the  currents  in  the  two 
batteries,  assuming  no  lights  are  turned  on.  The  current  in  the 
series  coil  of  the  controller  is  the  same  as  that  indicated  by  the 
ammeter.  When  the  current  in  this  series  coil  exceeds  a  certain 
value  the  magnetic  action  of  the  current  causes  sufficient  pull  on 
an  armature  to  partially  overcome  the  action  of  the  adjusting 
spring,  and  the  force  holding  the  carbon  discs  together  is  re- 
duced, causing  an  increase  in  the  resistance  they  offer.  Hence, 
the  value  of  the  field  current  and  the  value  of  the  voltage  ^n- 
erated  will  decrease.  A  description  of  the  operation  of  the  re- 
mainder of  this  system  will  be  given  later.  The  complete  con- 
troller with  the  cover  removed  is  shown  in  Fig.  152,  and  the  more 
important  parts  are  marked.  The  indicator  gives  a  visible  indi- 
cation as  to  whether  the  cutout  is  operating  or  not,  the  end  of 
the  pointer  showing  through  a  small  hole  in  the  top  of  the  cover. 

Electromagnet  tJsed  in  Opening  the  Field  Circuit  of  the  Gen- 
erator: The  Aplco  systems  make  use  of  an  electromagnet  whose 
winding  is  connected  directly  to  the  terminals  of  the  battery.  The 
armature  of  this  electromagnet  controls  a  set  of  contacts  which 
normally  are  closed  and  connected  in  series  with  the  field  wind- 
ing of  the  generator.  When  the  voltage  of  the  battery  has 
reached  a  value  ample  to  produce  current  in  the  winding  of  the 
electromagnet  so  that  the  magnetic  pull  on  the  armature  over- 
comes the  tension  on  the  adjusting  spring,  the  contacts  open  and 
the  current  in  the  field  winding  is  reduced  to  zero  value.  This 
is  neglecting  the  effect  of  residual  magnetism.  The  battery  will 
not  be  charged  until  its  voltage  drops  to  a  certain  value,  depend- 
ing on  the  adjustment  of  the  spring  controlling  the  armature  on 
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which  the  eontaets  are  mounted.     This  will  sllow  the  contaetB 
ID  the  field  circuit  to  close'  again. 

Varying  tha  Value  of  the  Field  Besiatance  by  a  Solenoid:  The 
Adiake  equipment  has  a  regulator  which  consists  of  a  resistance 
whose  value  is  controlled  by  the  magnetic  action  of  a  solenoid. 
The  device,  in  brief,  consists  of  an  arm  pivoted  at  one  end  and 
equipped  with  a  carbon  brush  on  the  other  end.  This  carbon 
brush  moves  over  a  number  of  metal  segments  arranged  in  the 
form  of  an  are  of  a  circle  and  connected  together  by  a  small  coil 
of  resistance  wire.  The  field  circuit  of  the  generator  has  one 
terminal  connected  to  the  arm  and  another  connected  to  one 
end  of  the  series  of  segments.  The  position  of  the  carbon  brush 
on  the  segments  will  determine  the  portion  of  the  total  resistance 
connected  in  series  with  the  field  winding.     For  example,  when 


Fiff.  152 — The  cover  of  the  V.  S.  L.  regulator  and  cutout  Ixaa  been 
removed,  and  tfie  more  impartaiit  parti  are  marked.     The  indi- 
cator acll  at  a  iarotneter  for  the  cutout 

the  carbon  brush  is  on  the  segment  to  which  the  field  winding  is 
connected,  no  part  of  the  resistance  will  be  in  series  with  the 
field;  on  the  other  hand,  if  the  carbon  brush  is  on  the  segment 
farthest  removed  from  the  one  to  which  the  field  winding  is  con- 
nected, all  the  resistance  will  be  in  series  with  the  field  wind- 
ing. The  normal  position  of  the  arm  corresponds  to  the  one  in 
which  there  is  no  part  of  the  resistance  in  series  with  the  field 
winding.  The  position  of  the  rheostat  arm  is  determined  by  the 
combined  magnetic  action  of  the  current  in  the  winding  of  the 
solenoid  about  the  iron  core  marked  T,  Fig.  153,  and  the  weight 
of  the  plunger  B,  the  core  and  plunger  being  attached  to  the 
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opposite  ends  of  a  short  cable  which  passes  over  a  grooved  nheel 
attached  to  the  rheostat  arm.  The  weight  of  the  plunger  E  may 
be  increased  bj  adding  more  shot  and  decreased  b;  removing 
some  of  the  shot.  Inereasing  the  weight  of  the  plunger  R  will 
iQcrease  the  current  required  to  produce  a  given  movement  of  the 
rheostat  arm. 

The  entire  output  of  the  generator  passes  through  the  winding 
of  the  solenoid,  and  as  this  cur- 
j  rent  output  tends  to  exceed  the 

value  for  which  the  adjustment 
has    been    made    the    iron    core 
j  marked   T   will   be   drawn   into 

the  solenoid,  causing  the  carbon 
brush  on  the  end  of  the  rheostat 
arm  to  move  down  over  the  seg- 
ments. The  value  of  the  resist- 
ance in  the  field  circuit  will  be 
increased,  causing  a  decrease  in 
the  value  of  the  field  current 
and,  hence,  a  decrease  in  the 
electrical  pressure  in  the  arma- 
tnre  of  the  generator. 

A  wiring  diagram  of  the  Ad- 
lake-Newbold  combined  regula- 
tor and  cutout  is  shown  in  Fig. 

153,  The  complete  device,  with 
cover  removed,  is  shown  in  Fig. 

154.  The  generator  is  of  the 
shunt-wound  type  and  the  field 
circuit  may  be  traced  as  follows: 
Starting  with  the  generator 
terminal  marked  -fD,  go  to 
the    corresponding    terminal  on 

the  controller  marked  -|-D;  thence  to  the  fuse  clip  marked  6; 
thence  to  the  terminal  of  the  rheostat  marked  3;  thence  through 
the  resistance  colls  to  the  carbon  brush  on  tbe  end  of  the  rheostat 
arm;  thence  to  the  screw  19;  thence  through  the  flexible  connec- 
tion to  the  screw  IS;  thence  to  the  fuse  clip  marked  2;  thence 
through  the  fuse  5  to  the  clip  1;  thence  to  the  terminal  -|-F  on  the 
regulator;  thence  to  the  corresponding  terminal  on  the  generator 


Flff.   153 — A    solenoid  controla 
the  iiolHe  of  the  field   resist- 
ance   <n    this    AdIaiie-yeKbold 
regulator  and  ckJouJ 
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miiT&ed  +F;  thence  through  the  shuut  field  windiDg  to  the  ter- 
minal of  the  generator -D;  thence  through  the  armature  winding 
to  the  starting  point  +D. 

A  second  circuit  exists  between  the  terminals   +D  and  -D  of 
the  generator,  even  though  the  contacts  of  the  cutout  be  open. 
It  may  be  traced  as   follows:     Starting  with  the  terminal  4-D; 
thence  to  the  fuse  clip  6;  thence  through  the  fuse  10  to  clip  T; 
tbence  through  a  winding  on  the  solenoid  to  the  connecting  ter- 
minal 20;  thence  to  the  point  S. 
on  the  stationary  contact  of  the 
cutout;      thence   . through     the 
windings  of  the  two  upper  elec- 
tromagnete  in  aeries  to  the  con- 
necting terminal  15,  and  then  to 
the  terminal  -D  on  the  generator. 

As  the  voltage  of  the  genera- 
tor builds  up,  the  current  in  the 
circuit  just  traced  through  in- 
ereaaea,  and  when  the  magnetic 
pull  produced  by  the  current  in 
the  two  upper  electromagnets  id 
sufficient  to  draw  up  the  two 
lower  electromagnets,  which  are 
mounted'  on  the  piece  of  iron  Z, 
the  cutout  contacts  at  ,W1  and 
W2  will  be  closed.  The  closing 
of  the  cutout  contacts  will  com- 
plete a  new  circuit  which  may 
be  traced  as  foUowa;  Starting 
with  the  generator  terminal  +D; 
thence  through  fuse  10;  thence 
through  a  winding  on  the  solenoid  ti 

thence  to  the  point  X  and  to  the  upper,  or  stationary,  cutout  c 
tact  Wl;  thence  to  the  lower  cutout  contact  W2;  thence  through 
the  windings  of  the  two  lower  electromagnets  in  series  to  the  pon- 
necting  terminal  14;  the;ice  to  the  controller  terminal  -^B;  tbence 
to  the  poaitire  terminal  of  the  battery  marked  +B  through  the 
battery  to  the  terminal  -B;  thence  to  the  negative  terminal  of 
the  generator,  and  thence  through  the  armature  winding  to  the 
terminal  -\-D,  or  starting  point. 


Fig.  154— rifg  »hoir»  the  Ad- 
lake-SeKbola   device  icith   th« 

cover  removed.    The  generator 
Is  a  ahunt   icoun<l   li/pt 

0  the  connecting  terminal  20; 
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In  tracing  this  last  circuit,  the  lamps  were  assumed  to  be 
turned  off.  The  current  in  the  two  lower  electromagnets  assists 
in  holding  the  cutout  contacts  closed  as  long  as  the  battery  is 
charging,  but  should  the  battery  start  to  discharge  the  magnetic 
action  will  be  opposite  that  produced  by  the  upper  electromagnets 
and  the  cutout  contacts  will  open.  The  front  lamps  take  their 
current  through  a  special  switch,  whose  connections  are  such  that 
the  resultant  magnetic  action  of  the  generator  current  in  the 
solenoid  is  less  with  the  front  lamps  on  than  without  them.  Hence 
the  current  output  of  the  generator  is  increased  when  these  lamps 
are  turned  on.  The  switch  in  the  upper  left-hand  corner,  marked 
N  in  Fig.  153,  is  for  getting  the  night  rate  of  current  output  from 
the  generator  continuously  should  conditions  demand  it. 

Solenoid  and  "Mercury  Well"  Control  of  Field  Resistance:  A 
number  of  the  earlier  Delco  systems  were  equipped  with  a  regu- 
lator known  as  the  mercury  well  type.  A  cross-section  of  one  is 
shown  in  Fig.  155.  This  regulator  consists  of  a  winding,  A,  which 
surrounds  the  upper  end  of  a  mercury  tube,  B.  Inside  this  mer- 
cury tube  is  a  plunger  tube,  C,  with  a  winding  of  resistance  wire, 
R,  about  its  lower  end.  One  end  of  the  winding  R  is  attached  to 
the  cover  end  of  the  plunger  tube  and  the  other  end  is  connected 
to  a  needle,  D,  carried  in  the  center  of  the  lower  end  of  the  tube. 
The  lower  portion  of  the  mercury  tube  is  divided  by  an  insulating 
tube  into  two  concentric  compartments,  the  plunger  tube  being 
partly  immersed  in  the  outer  compartment  and  the  lower  end  of 
the  needle  N  in  the  inner  compartment.  The  space  in  the  mer- 
cury tube  above  the  mercury  is  filled  with  a  special  kind  of  oil, 
which  serves  the  double  purpose  of  protecting  the  mercury  from 
oxidization  and  of  lubricating  the  plunger  tube.  The  whole 
device  is  supported  by  a  bracket,  B. 

The  terminals  of  the  winding  A  are  connected  to  the  two  wires 
leading  from  the  generator  brushes,  and  as  the  voltage  of  the 
generator  increases  the  current  in  the  winding  increases.  Hence, 
there  is  an  increase  in  the  magnetic  pull  on  the  iron  plunger 
tube  C.  As  the  lower  end  of  the  plunger  tube  is  withdrawn  from 
the  mercury,  due  to  the  magnetic  pull  of  the  winding  A,  more 
resistance  is  inserted  in  series  with  the  shunt  field  winding  of 
the  generator,  as  the  field  current  must  now  pass  through  a  greater 
length  of  the  wire  in  the  winding  R  in  passing  from  the  needle 
N  to  the  mercury  in  the  outside  mercury  well.    With  this  increase 
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in  reeiitance  in  the  fleld  winding  there  ia  a  amaller  field  current 
for  a  given  terminal  voltage.  Hence,  the  terminal  voltage  of  the 
generator  does  not  increase  as  rapidlj  as  it  would  if  no  rcBistftuce 
were  inserted  in  series  with  the 
field  winding.  As  the  charging  of 
the  battery  continnes  the  voltage 
of  the  system  increases,  and  the 
magnetic  pull  produced  by  the 
winding  A  increases,  causing  more 
resistance  to  be  inserted  in  the  tleld 
circuit  and  thus  preventing  an  ex- 
cessive charging  current  while  the 
battery  is  approaching  a  condition 
of  complete  discharge.  With  a  de- 
crease in  speed  of  the  generator, 
there  will  be  a  decrease  in  the  gen- 
erated voltage,  thuH  causing  a  de- 
crease in  the  magnetic  pull  pro- 
duced by  the  current  in  the  winding 
A  and,  hence,  a  decrease  in  the  re- 
sistance of  the  field  circuit,  which 
prevents  the  voltage  decreasing  as 
rapidly  as  it  would  otherwise. 

A  variable  reBistauce,  E,  ie  con- 
nected in  the  supporting  bracket  D 
and  connected  in  series  with  the 
winding  H.  The  value  of  the  por- 
tion of  this  resistance  in  aeriea  with 
A  may  be  adjusted  at  any  time  by  a 
lever,  F.  The  object  of  this  adjust- 
ment is  to  talte  care  of  the  varia- 
tions in  the  battery  voltage,  due  to 
changes  in  temperature. 

An  Electromagnet  Used  in  Con- 
trolling the  Connections  of  the 
Pield  Circuits:  In  some  of  the  old- 
er types  of  Deico  equipment  An 
electromagnet  was  used  to  change 
the  connections  of  the  field  windings  and  to  regulate  the  out- 
put   of    the    generator    as    follows;      The   field   of   the   generator 


Fig.    165— A    croas-iectioH    0/ 

the    mercury    well    regulator. 

Some  0/  the  earlier  Delco  tgi- 

terns  uied  iliti  tt/pe 
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is  produced  by  permanent  magnets  whieh  are  proviiled  with 
several  shaut  field  windings.  The  conncctiouB  of  these  shunt 
field  windings  are  controlled  by  the  electromagnet,  whose  mag- 
net action  is  governed  by  the  output  of  the  generator.  At  low 
engine  speeds  the  shunt  fields  are  connected  so  that  they  as- 
sist the  permanent  magnets  in  producing  a  magnetic  field  for 
the  armature  to  revolve  in.  With  an  increase  in  voltage  of 
the  generator,  due  to  an  increase  in  speed,  the  field  windings 
are  disconnected,  the  permanent  magnets  act  alone  to  produce 
the  magnetic  Geld  and  the  increase  in  voltage  is  not  aa  great 
as  it  would  be  had  the  shunt  field  windings  remained  coa- 
neeted.    With  a  still  further  increase  in  voltage  the  shunt  field 


Fig.  156^^  aUpping  clutch  operates  thit  Ornii  d  DaviK  geaerator 

windings  are  again  connected  with  a  resistance  in  series,  but  in 
such  a  manner  that  the  current  in  them  produces  a  magnetic 
effect  opposite  to  that  produced  by  the  permanent  magnets  and 
the  field  strength  is  reduced,  which  counteracts  to  a  certain  eii- 
tent  the  increase  in  speed.  The  resistance  in  series  with  the 
field  winding  is  removed  by  a  change  in  connections  when  the 
voltage  reaches  a  value  produced  by  the  highest  engine  speeds 
and  the  maximum  magnetizing  action  of  the  shunt  fields  oppose 
the  permanent  magnets. 

Mechanical  Regulation 

Generator  Operated  at  a  Constant  Speed  by  a  Slipping  Clutch 
Controlled  by  a  Centrifugal  Governor:  If  a  shunt  generator  be 
operated  at  a  constant  speed,  the  voltage  will  build  up  to  a 
definite  value  and  remain  practically  constant.    The  value  of  this 
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definite  voltage  can   be   adjusted  by   charging  the  value  of  the 
resistance  of  the  shunt  Held  nincling  and,  unless  there  is  a  change 
in  tbe  speed  or  reBiBtance  of  the  field,  will  remain  practicall)'  con- 
stant so  long  aa  there  is  no  change  in  the  value  of  the  current 
the  generator  is  delivering.     The  regulation  of  a  number  of  dif- 
ferent  Bjstems  put   on  the  market  by  the  Gray  &  Davis  Co.  is 
accomplished  in  this  .manner.     In  the  systema  a.  aeries  field  mind- 
ing usually   is  provided.     This  series  field   is  arranged   to   carry 
all  or  a  certain  part  of  the  current  delivered  by  the  generator, 
and  ita  magnetizing  action  assists  the  magnetizing  action  of  tbe 
shunt  field  and  causea  an  increase  in  the  value  of  the  field  atrengtb 
with  an  increase  in  enrrent  delivered  and,  hence,  an  increase  in 
generated  voltage  with  an  increaae  in  the  current  output.     The 
magnetizing  action  of  this  aeries 
field  is  usually  adjusted  so  that 
the  increase  in   generated  volt- 
age is  just  enough  to  counteract 
any   loss   in   the   armature   and 
connecting  leada,  due  to  the  in- 
creased output  which  resulta  in 
the  voltage  at  the  terminals  re- 
maining fairly  constant  for  all 
loads.     The    croaa- section    of    a 
generator  of  this  type  made  by 
the  Gray  &  Bavis  Co.  ia  shown 
in   Fig.   156,  and   the   operation  _,     ,.,     _^,     ,   ,    ,,^    ,  . 

i    ii.       j-i    ■  1   .  I        -11    L  ^'S-  15T— rata  Aaio-Lite  frie- 

of   the    driving    clutch   will   bo         jj„„  ^^,^^  „,jo  f^^^  ,^  „,„(„. 

apparent  after  a  careful  inspec-  lain  □  constant  speed 

tion  of  tbe  figure. 

A  friction  clutch  used  by  the  Auto-Lite  Co.  in  aome  of  their 
earlier  equipments  for  operating  the  generator  at  a  constant  apeed 
is  shown  in  Fig.  157.  The  governor  consists  of  a  drum,  D,  fastened 
to   the   driving  shaft  and  of  tw     f      t    n     h  B      a  h   b    ng 

attached  to  a  weight,  W,  a  d  n    m  Uy  h  Id  ag    n  t  th  d 

Burface  of  the  drum  by  tb    a  t    n     f       1  d    p    ng    pla    d    a 
tbe  ends  of  the  arm  A.    As  th      p     d    t  wh    h  th    a  m  A      t  t 
increaaea  there  is  a  tenden  y  f      th     w    ght    W  t     b     th     w 
outward  from  the  point  abo  t  wh    h  th  y      t  t       Th    tw     am 
carrying  the  weights  are  pitdtth         d      fthamA   and 
8B  the  weights  are  thrown  o  twa  d  th    a  t  f  th      p    n^    h  Id 
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ing  the  friction  shoes  against  the  cylinder  is  decreased.  The 
speed  at  which  the  clutch  slips  may  be  changed  by  moving  the 
weights  W  toward  or  away  from  the  points  at  which  the  arms 
carrying  them  are  pivoted.  The  nearer  the  weights  are  to  these 
points  the  higher  the  speed  necessary  for  the  clutch  to  slip 
and  likewise,  the  farther  these  weights  are  away  from  these  points 
the  lower  the  speed  necessary  for  the  clutch,  to  slip. 

Centrifugal  Governor  Used  in  Inserting  Resistance  in  the 
Charging  Circuit:  A  good  example  of  this  type  of  regulation  is 
found  in  a  machine  manufactured  by  the  Vesta  Co.  In  this  ma- 
chine the  position  of  a  rheostat  arm  on  the  contact  segments  of 
a  small  rheostat  is  controlled  by  the  action  of  a  centrifugal  gov- 
ernor. The  end  contact  of  the  rheostat,  on  which  the  end  of 
the  rheostat  arms  rests  normally  and  at  low  engine  speeds,  is 
not  electrically  connected  to  any  of  the  other  circuits.  The 
charging  circuit  for  the  battery  is  connected  to  the  rheostat  arm, 
and  when  the  end  of  the  arm  is  on  this  insulated  segment  the 
electrical  connection  between  the  generator  and  the  battery  is 
not  complete.  The  end  of  the  arm  travels  over  the  contact  seg- 
ments of  the  rheostat  with  an  increase  in  speed,  and  when  it 
comes  in  contact  with  the  second  point  the  circuit  connecting 
the  generator  and  battery  is  closed.  A  further  movement  of 
the  arm  inserts  resistance  in  series  with  the  generator  and  bat- 
tery and  thus  prevents  an  excessive  charging  current. 

Regulation  by  Ampere-Hour  Meter 

Some  of  the  earlier  Delco  systems  made  use  of  an  ampere- 
hour  meter  that  measured  the  quantity  of  electricity  put  into 
and  taken  out  of  the  battery  and  gave  an  indication  of  these 
quantities  on  a  suitable  dial.  The  pointer  on  the  indicating  dial 
of  this  instrument  travels  in  one  direction  when  the  battery  is 
charging  and  i»  the  opposite  direction  when  the  battery  is  dis- 
charging. The  difference  in  the  indications  of  this  pointer  at  two 
different  times  is  a  measure  of  the  net  quantity  of  electricity 
put  in  or  drawn  from  the  battery  during  the  interval  between 
taking  the  two  readings.  A  double  set  of  contacts  is  carried  in 
the  containing  case  of  the  instrument,  through  which  the  field 
current  of  the  generator  must  pass.  A  movement  of  the  pointer 
of  the  meter  past  a  certain  position  causes  one  set  of  these  con- 
tacts to  open  and,  with  further  movement  past  this  point  in 
the  same  direction,  causes  the  second  set  of  contacts  to  separate 
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When  the  first  set  of  contacts  is  opened  a  resistance  is  inserted 
in  series  with  the  field  and  the  charging  current  is  reduced. 
When  the  second  set  of  contacts  opens  the  field  circuit  is  opened 
altogether,  and  the  charging  of  the  battery  is  practically  stopped, 
as  there  is  no  field,  except  that  due  to  residual  magnetism,  for 
the  armature  of  the  generator  to  revolve  in.  The  reverse  opera- 
tion of  these  contacts  takes  place  when  the  battery  discharges 
and  the  pointer  is  turned  in  the  opposite  direction.  With  this 
system  the  rate  at  which  the  battery  is  charged  is  governed  by 
the  amount  of  charge  in  the  battery.  The  hand  on  the  meter 
must  be  moved  in  the  direction  of  charge  at  certain  intervals, 
because  there  must  always  be  a  greater  number  of  ampere-hours 
put  into  the  battery  than  it  can  supply.  The  meter  hand  is 
mounted  in  such  a  way  that  this  adjustment  easily  may  be  made. 

~  Suggestions  in  Adjustment  of  Regulators 

The  adjustment  of  the  regulator  equipment  on  the  different  cars 
is  made  by  the  manufacturers  of  the  equipment  or  at  the  factory 
where  the  equipment  is  installed  and  is  correct  for  that  par- 
ticular make  and  model  of  car  under  ordinary  conditions.  Under 
no  conditions  should  this  adjustment  be  changed  unless  the  per- 
son making  the  change  is  positive  that  such  a  change  is  required, 
and  even  then  it  is  best  to  have  an  experienced  man  make  the 
adjustment,  as  more  damage  may  be  done  than  good.  Difficulties 
arising  from  improper  change  in  the  adjustment  of  the  regu- 
lator may  not  be  apparent  at  the  time  the  change  is  made,  and 
the  car  may  run  for  a  considerable  period  before  there  is  definite 
evidence  of  the  difficulty.  In  the  majority  of  cases  low  genera- 
tor output  is  due  to  improper  care  of  the  commutator  and  brushes, 
in  not  keeping  all  the  various  electrical  connections  clean  and 
tight  or  in  not  giving  the  battery  the  necessary  attention. 

Occasionally  unusual  conditions  may  arise  in  the  operation  of 
the  car,  which  will  demand  an  increase  in  the  generator  output. 
For  example,  the  addition  of  extra  electrical  equipment  may 
necessitate  an  increase  in  the  rate  at  which  the  battery  is 
charged  for  a  given  speed  of  the  car.  It  is  always  advisable  to 
make  sure  that  you  are  not  demanding  a  larger  output  from  the 
battery  than  it  is  capable  of  handling  under  ordinary  conditions, 
as  permanent  damage  to  the  electrical  equipment  will  be  the  ulti- 
mate result.  In  some  cases  a  car  may  be  driven  a  great  deal 
more  at  night  than  in  the  daytime,  and  with  the  lamps  lighted 
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the  demands  on  the  battery  will  be  increased.  Under  these  condi- 
tions it  is  necessary  to  increase  the  rate  at  which  the  generator 
will  charge  the  battery  for  a  given  engine  speed.  Owing  to  the 
lower  efficiency  of  the  battery  in  the  winter  and  the  greater  use 
of  the  lamps^  the  charging  rate  of  the  generator  should^  as  a  rule, 
be  increased.  It  may  be  advisable  to  lower  the  charging  rate 
of  the  generator  or  to  stop  the  charging  operation  altogether  on 
a  long  drive,  by  disconnecting  the  generator,  short-circuiting  it 
or  removing  the  field  fuse,  depending  on  the  kind  of  generator 
and  the  method  of  regulating  its  output.  In  some  cases  a  special 
switch,  called  the  touring  switch,  is  provided.  This  produces  the 
necessary  changes  in  connection  when  it  is  turned  to  the  position 
that  causes  a  reduction  in  generator  output. 


CHAPTER  XVI 

Electric  Motors 

Principle  of  the  Direct-Current  Motor 

IF  a  wire  in  which  there  is  a  direct  current  be  placed  in  a  mag- 
netic field  in  such  a  position  that  the  center  of  the  wire  does 
not  correspond  in  position  to  the  direction  of  the  magnetic  field, 
a  force  will  act  on  the  wire,  due  to  the  action  of  the  current 
in  the  wire  and  the  magnetic  field  on  each  other.  This  force  is 
present  in  the  generator  when  the  machine  is  operating  and  there 
is  a  current  in  the  armature,  and  it  tends  to  cause  the  armature 
to  revolve  in  the  opposite  direction  to  that  in  which  the  gasoline 
engine  is  rotating  the  armature.  If  the  strength  of  the  magnetic 
field  or  the  value  of  the  current  in  the  wire  increases,  the  position 
of  the  two  with  respect  to  each  other  remaining  constant,  the 
force  tending  to  move  them  with  respect  to  each  other  will 
increase.  The  value  of  the  force  between  the  magnetic  field  and 
the  wire  depends  on  their  relative  positions;  it  is  at  its  maximum 
when  the  center  of  the  wire  and  the  direction  of  the  magnetic 
field  are  at  right  angles  to  each  other,  and  at  its  minimum  when 
the  center  of  the  wire  and  the  direction  of  the  magnetic  field  are 
parallel  to  each  other. 

The  production  of  the  force  acting  on  the  conductor  may  be 
explained  as  follows:  A  conductor,  W,  carrying  a  current  away 
from  the  observer  and  placed  in  a  magnetic  field,  H,  whose  direc- 
tion is  from  the  left  toward  the  right  is  shown  in  Fig.  158.  The 
current  in  the  conductor  tends  to  produce  a  magnetic  field  about 
the  conductor  in  a  clockwise  direction,  which  results  in  the  main 
magnetic  'field  being  strengthened  on  the  upper  side  of  the  con- 
ductor, where  the  two  fields  are  in  the  same  direction,  and  weak- 
ened on  the  lower  side  of  the  conductor,  where  the  two  fields  are 
in  opposite  directions.  As  previously  explained  two  magnetic 
fields  cannot  exist  in  the  same  space  at  the  same  time  but  combine 
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to  form  a  resultant  magnetic  field.  Since  the  magnetic  field  is 
80  mttch  stronger  on  the  upper  side  of  the  conductor  than  on 
the  lower  side,  the  conductor  is  acted  on  by  a  force,  "F,  which 
tends  to  move  it  down  or  toward  the  bottom  of  the  field 

The  Left-Hand,  or  Motor,  Rule 

.  A  definite  relation  exists  between  the  direction  of  the  current 
in  a  wire  placed  in  a  magnetic  field,  the  direction  of  the  magnetic 


H 


Fig,  168 — The  force  acting  on  a  conductor  in  which  there  ia  a 
current  tends  to  move  it  up  and  down  when  the  conductor  is 

placed  in  a  magnetic  field 

field  and  the  direction  of  the  force  tending  to  move  the  wire 
with  respect  to  the  magnetic  field.  If  the  thumb  and  first  and 
second  fingers  of  the  left  hand  be  placed  at  right  angles  to  each 
other,  Fig.  159,  the  second  finger  pointing  in  the  direction  of  the 
current  in  the  conductor  and  the  first  finger  in  the  direction  of 
the  magnetic  field,  then  the  thumb  will  point  in  the  direction  in 
which  the  conductor  will  tend  to  move.  This  simple  rule  is  known 
as  the  left-hand,  or  motor,  rule.  If  the  direction  of  current  in  the 
wire  be  reversed,  the  direction  of  the  magnetic  field  remaining 
constant,  the  direction  of  the  force  acting  on  the  conductor  will 
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be  TeverBed;  or,  if  the  direction  of  the  magnetic  Held  be  reveraed, 
the  direction  of  current  in  the  wire  remaining  the  same,  the 
direction  of  the  force  on  the  wire  will  be  reversed.  If,  however, 
the  direction  uf  the  current  in  the  wire  and  the  direction  of  the 
magnetic  field  are  both  reversed,  the  direction  of  the  force  on  the 
wire  will  remain  the  same. 

Generator  and  Motor  Interchangeable 

The  essential  parts  of  a  direct -current  motor  are  identical 
with  those  uf  a  generator,  namely,  an  armMure  and  a  magnetic 
field.     The  connection  uf  the  wires  on  the  surface  of  the  arma- 


CiRECTIOM  Of 
CUSHENT 
Pig.  166 — The  le/l-KOBd,  or  motor,  rule  la  uaed  to  detemine  the 

direction  of  the  cunductor'a  movitnent  lehen  the  Mreetions  of  the 
oonduetot'i  eurrent  and  the  magnetic  field  are  known 

ture  to  the  external  circuit  is  made  by  a  commutator,  which 
serves  to  reverse  the  current  in  the  various  parts  of  the  arma- 
ture winding  at  the  proper  time,  bo  that  the  force  acting  on  the 
various  wires  tends  to  produce  rotation  in  the  same  direction, 
and,  as  a  result,  continuous  rotation  of  the  armature  is  produced. 
Any   direct-current   generator   may   be   used  as   a   direct-current 
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motor,   or   vice    versa,   their   construction   being   practicallj'   the 

Simple  Experiment  Illustrating  Fundamental  Principle  of  the 
Direct-Current  Motor  and  Bight-Hand  Rule;  A  simple  experi- 
ment  may   be  arranged   to   verifir   the   facts   stated   in   the  two 


previous  sections,  Fig.  160,  which  conststs  of  a  U-shaped  piece 
of  copper  wire  supported  b;  two  metal  supports  forked  at  their 
upper  end  so  that  the  wire  is  free  to  turn  and  at  the  same  time 
makes  good  electrical  contact  with  the  supports.  The  lower 
ends  of  the  supports  are  connected  to  two  binding  posts  as  in 
the   figure.     A  strong  permanent  magnet,  M,  is  placed  with  its 
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poles  oQ  opposite  aides  of  the  vite  aa  indicated  in  the  figure. 
If  a,  current  be  sent  through  the  wire,  the  wire  will  deflect  from 
ita  normal  poaition.  The  degree  of  this  deflection  will  depend 
on  the  value  of  the  current,  sad  the  direction  of  the  deflection 
will  depend  on  the  direction  of  the  current  in  relation  to  the 
direction  of  the  magnetic  fleld.  When  the  north  pole  of  the 
magnet  is  on  the  upper  aide  and  the  current  in  the  wire  ia  in 
the  direction  indicated  in  the  figure,  the  deflection  or  movement 
of  the  wire  will  be  toward  the  left.    If  the  magnet  be  turned 


Fio-  131 — In  the  operation  0/  Ihia  tao-part  commutator  the  direc- 
tion of  (he  force  acting  on  obji  part  of  the  ctril  can  be  determined 

by  application  of  the  left-hand  rxle 

over,  that  ia,  if  the  field  be  reversed,  the  direction  of  the  deflec- 
tion win  be  reveraed,  or  if  the  current  be  reversed,  the  direction 
of  the  deflection  will  be  reversed.  The  direction  of  the  deflection 
will  remain  unchanged  when  the  direction  of  the  field  and  the 
direction  of  the  current  are  reveraed  at  the  same  time. 

Operation  of  Two-Part  Commutator 

If  a  aingle  loop  of  wire  be  mounted  on  an  asia  which  is  ftt 
right  anglea  to  the  direction  of  a  magnetic  field,  Fig.  161,  and  a 
current  be  supplied  to  the  coll  bj  meane  of  a  two-part  commuta- 
tor and  two  brushes  which  reat  on  the  commutator  exactly  oppo- 
aite  each  other,  a  force  will  act  on  the  aides  and  ends  of  the  coil. 
The  direction  of  the  force  acting  on  any  part  of  the  coil  may 
be  determined  for  all  the  different  positions  the  coil  may  occupy, 
when  it  turns  on  the  axis  supporting  it  by  a  simple  application  of 
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the  left-band,  or  motor,  rule.  Bemember  that  tbe  force  acting 
on  tbe  conductoT  ia  always  perpendicular  to  tbe  direction  of  the 
magnetic  field;  then  proceed  to  investigate  the  force  acting  on 
the  coil  for  various  positions.  Tbe  Tesnltant  force  wbieh  tends 
to  produce  rotation  acting  on  tbe  two  ends  of  the  coil  will  be 
zero  for  all  positions  of  the  coil.  The  forces  acting  on  the  two 
sides  of  tbe  coil  will  be  equal  in  value  for  all  positions,  but  the 
directions  of  tbe  forces  on  the  two  sides  will  be  exactly  oppo- 
site each  other.    If  the  force  on  one  side  tends  to  move  that  side 


of  the  coil  up,  then  the  force  on  the  other  side  tends  to  move 
that  side  down.  The  force  acting  on  one  side  will  always  be 
np  and  the  force  on  the  other  side  will  always  be  down,  and  both 
will  remain  constant  in  value  as  long  as  there  la  DO  change  in  the 
strength  of  the  magnetic  field  or  in  tbe  value  of  the  current. 

These  forces  on  opposite  sides  of  the  coil,  being  in  opposite 
directions,  tend  to  rotate  the  coil,  but  the  tendency  for  rotation 
is  not  constant  in  value  for  all  positions  of  tbe  coil.  When  the 
coil  is  in  a  horizontal  position,  as  shown  by  tbe  cross-section  in 
Fig.  162,  the  effect  of  tbe  forces  in  tending  to  produce  rotation 
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1b  at  a  maxlniuiB,  becauaa  the  two  sides  are  tlien  moTing,  as  the 
coil  rotates,  perpendicular  to  the  direction  of  the  magnetie  field. 
But  for  any  other  poaition  of  the  coil  with  respect  to  the  diree- 
tion  of  the  magnetic  field,  anch  as  the  one  in  Fig.  163,  the  efleet 
of  the  forces  tending  to  produce  rotation  will  be  less,  and  this 
effect  will  continue  to  deerease  as  the  eoil  moves  from  a  position 
parallel  to  the  field  toward  a  position  perpendicular  to  the  field, 
OS  in  Fig.  164,  where  the  force  producing  rotation  will  be  zero. 
The  relation  of  the  forces  tending  to  rotate  the  coil  for  different 
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Fig.  16S — When  the  coil  i>  at  an  angle  oj  45  degreei,  u  here,  the 

eJFeet  oj  the  tonee  t»  rcM  and  iHII  be  for  any  poiition  other  than 

horieontal 

positions  of  one  complete  revolution  may  be  represented  by  a 
curve,  Fig.  165,  in  which  points  along  the  horizontal  lines  corre- 
spond to  different  positions  of  the  coil  as  measured  in  degrees 
from  a  position  perpendicular  to  the  direction  of  the  magnetic 
field.  The  relation  of  the  lengths  of  the  vertical  lines  correspond 
fo  the  relation  between  the  valnes  of  the  forces  tending  to  pro- 
dnce  rotation  for  the  different  positions. 

When  the  coil  becomes  perpendicular  to  the  magnetic  field 
the  two  commutator  segments  exchange  positions  with  respect  to 
(h«  brushes,  and  as  a  resvlt  the  current  in  the  coil  reveisep 
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in  direction.  With  a  Teveraal  in  ttie  direction  of  current  in  tbe 
coiJ,  there  is  a  reversal  in  the  direction  of  the  forces  acting  on 
the  two  sideB,  ao  that  they  tend  to  move  acroea  tbe  magnetic 
field  in  directions  opposite  to  those  before  tbe  current  in  the  coil 
was  reversed. 

It  is  obvious  from  tbe  preceding  paragraphs  that  tbe  force 
acting  on  tbe  coil  tends  to  produce  a  continuous  rotation,  pro- 
vided the  magnetic  fleld  does  not  change  in  direction  and  that  the 
brushes  are  properly  placed  on  the  commutatoT.    Tbe  value  of  tbia 


force,  however,  fluctuates  in  value.  When  the  coil  is  perpen- 
dicular to  the  direction  of  the  magnetic  field  it  is  zero,  and 
if  the  coil  should  happen  to  atop  In  this  position,  there  would  be 
no  tendency  for  rotation  no  matter  how  much  current  in  the  coil 
or  how  strong  tbe  magnetic  field.  Such  an  arrangement  would 
not  be  at  all  satisfactory,  on  account  of  the  fluctuation  in  tbe 
turning  force  on  the  coil  and  also  because  this  force  is  zero  for 
two  positions  of  the  coil  in  each  revolution.  The  turning  force 
may  be  made  nearer  constant  in  value  and  at  no  time  zero  by 
more  coils  and  more  commutator  segments, 
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Midtiple-Coil  Armatures 

If  two  coils  of  wire,  similar  to  the  one  described  in  the  pre- 
vious section,  be  mounted  on  an  axis  at  right  angles  to  each 
other,  with  the  four  terminals  connected  to  a  four-part  commutar 
tor,  the  terminals  of  each  coil  being  connected  to  opposite  seg- 
ments. Fig.  166,  then  the  force  tending  to  turn  the  two  coils  will 
pulsate  in  value  as  follows:  Since  the  two  coils  are  at  right 
angles  to  each  other,  the  forces  acting  on  them  will  likewise  be 
at  right  angles  to  each  other.  If  the  currents  in  the  two  coils 
are  equal  in  value  when  they  are  connected,  assuming  they  remain 
so  for  one  complete  revolution,  then  the  forces  acting  on  the 
two  coils  may  be  represented  by  two  curves,  as  in  Fig.  167. 
Both  coils  do  not  carry  current  at  the  same  time,  since  they  are 
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Fig.  165 — This  curve  shows  the  variation  in  the  force  tending  to 
rotate  a  coil  connected  to  a  two-part  commutator  when  it  is  placed 
in  a  uniform  magnetic  field.  The  angles  are  measured  at  a  posi- 
tion when  the  plane  of  the  coil  is  parallel  to  the  magnetic  field 


connected  to  Independent  commutator  segments  and  the  brushes 
rest  on  segments  exactly  opposite  each  other.  Each  coil  is  con- 
nected in  circuit  for  each  revolution  only  one-half  of  the  time, 
but  this  time  is  split  into  two  parts  and  each  independent  con- 
nection lasts  only  for  one-fourth  of  a  revolution.  By  properly 
placing  the  brushes  it  is  possible  to  get  a  continuous  turning 
force  acting  on  the  combination  of  coils,  and  the  best  position 
for  the  brushes  is  such  that  one  coil  is  disconnected  and  the 
other  one  connected  to  the  external  circuit  when  they  are  mak- 
ing the  same  angle  with  the  direction  of  the  magnetic  field, 
namely,  45  degrees.  This  position  of  the  brushes  corresponds 
to  the  point  where  the  curves  cross  each  other.  Fig.  167,  and  the 
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regultant  force  acting  on  the  two  coils  m&j  be  represented  hy  tbe 
upper  parts  of  the  curves,  or  the  shaded  portion. 

By  increasing  tbe  number  of  coils  and  commutator  eegmenta 
tba  force  acting  on  the  coils  wUl  become  nearer  coDstant  in 
value.  This  type  of  armature  is  not  satisfactory  for  direct- 
current  motors,  as  only  those  coils  whose  commutator  segmeuta 
are  under  the  brushes  at  any  particular  time  are  in  use.  An 
armature  winding  of  this  type  is  called  an  open-circuit  wind- 
ing, 

A  better  form  of  winding  for  direct- current  motors,  called  a 
closed-circuit  winding,  makes  use  of  all  tbe  coils  all  the  time. 


except  when  the  two  commutator  segments  to  wUek  a  coil  is 
connected  are  in  contact  with  a  brush  or  brushes  of  the  same 
polarity.  One  of  the  simplest  forma  of  closed- circuit  windings  Is 
shown  in  Fig.  16S,  which  consists  of  a  ring  witk  four  coils 
wound  about  it  and  interconnected  by  means  of  four  commuta- 
tor segments  as  in  the  figure.  For  convenience  in  referring  to 
these  coils  they  are  designated  by  the  letters  A,  B,  C  and  D, 
The  two  coils  A  and  C  are  short-circuited  by  tbe  two  brushes 
when  they  are  in  the  positions  shown  in  the  Agexv.  An  insiaut 
later,  however,  coil  A  is  in  series  with  coil  D  on  the  left-hand 
side,  and  coil  C  is  in  series  with  coil  B  on  the  ri^t-hasd-  siAa, 
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and  this  connection  remains  until  coils  B  and  D  are  short-circuited 
by  the  brushes.  An  instant  later  coil  D  is  in  series  with  coil 
C  on  the  right-hand  side,  and  coil  B  is  in  series  with  coil  A  on 
the  left-hand  side.  It  is  apparent  that  the  coils  opposite  each 
other  are  short-circuited  by  the  brushes  at  the  same  time  when 
they  are  symmetrically  arranged,  as  in  this  case,  and  as  one  coil 
leaves  the  right-hand  circuit  and  enters  the  left-hand  circuit  at 
the  lower  brush,  a  coil  leaves  the  left-hand  circuit  and  enters 
the  right-hand  circuit  at  the  upper  brush.  With  this  arrange- 
ment of  coils  and  commutator  segments,  all  the  coils  are  in 
circuit  with  the  external  circuit  all  the  time,  except  when  they 
are  short-circuited  by  the  brushes.    If  the  position  of  the  brushes 


Fig.  167 — The  forces  acting  on  the  two  coils  connected  as  in  Fig, 
1G6  may  he  represented  hy  these  curves.     The  magnetic  field  ib 

<issumed  to  he  uniform 

is  such  that  the  coils, are  moving  parallel  to  the  magnetic  field 
when  they  are  short-circuited,  the  total  force  acting  on  the  com* 
bination  tending  to  produce  rotation  will  not  decrease.  The  direc- 
tion of  the  current  in  each  coil  when  it  has  moved  from  the  short- 
circuited  position  is  opposite  to  what  it  was  just  before  it  reached 
this  position.  Hence,  the  movement  of  the  coil  with  respect  to 
the  magnetic  field  is  reversed,  that  is,  if  it  tended  to  move  up 
or  down  before  being  short-circuited,  it  tends  to  move  down  or 
up  after  the  short-circuiting. 

The  total  force  tending  to  produce  rotation  at  any  instant  is 
equal  to  the  sum  of  the  forces  produced  by  each  of  the  coils. 
When  the  coils  are  symmetrically  placed  with  respect  to  each 
other,  the  force  exerted  by  any  two  which  are  exactly  opposite 
each  other  might  be  thought  of  as  being  due  to  a  single  coil 
having  a  number  of  turns  equal  to  the  sum  of  the  turns  in  the 
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two  coils.  The  four  coils  in  Fig.  168  are  sym metrically  arranged 
and  may  be  treated  as  two  coils  instead  of  four.  The  force 
exerted  on  these  two  coils  may  be  represented  by  two  curvea, 
A  and  D,  in  Fig.  169,  and  the  total  force  at  any  time  will  be 
equal  to  the  sum  of  the  forces  on  the  two  coils,  since  they  are 
both  in  circuit  all  the  time,  except  when  they  are  short-circuited 
by  the  brushes.  Then  the  force  exerted  by  that  particular  coil 
is  zero,  because  it  is  then  moving  parallel  to  the  magnetic  field. 
This  total  force  may  he  represented  by  a  third  curve,  whose 
height  at  any  point  is  equal  to  the  sum  of  the  heights  of  the 
curves  A  and   D.     From  this  figure  it  is  readily  seen  that  the 


force  tending  to  produce  rotation  is  Qot  constant  in  value,  but 
fiuctuates  between  a  minimum  value  equal  to  the  maximum  force 
produced  by  a  single  coil  and  a  maximum  value  equal  to  the  com- 
bined values  of  the  forces  produced  by  the  coils  when  they  are 
each  midway  between  their  positione  of  minimum  and  maximum 
force.  The  number  of  pulsations  in  the  force  per  revolution 
may  be  increased  by  increasing  the  number  of  coils  and  commu- 
tator segments,  and  an  increase  in  the  number  of  pulsations  pet 
revolution  will  result  in  a  decrease  in  the  difference  between  the 
maximum  and  the  minimum  values  of  the  resultant  force  tending 
to  produce  rotation.  Thus,  with  an  increase  in  the  number  of 
coils  and  commutator  segments,  the  resultant  force  becomes  nearer 
constant  in  value,  and  the  machine  is  capable  of  developing  a 
fairly  constant  turning  effort. 

The  type  of  armature  used  in  this  arrangement — called  a  ring 
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type— is  not  used  very  extensively  at  present,  but,  on  account 
of  the  simplicity  in  its  construction  and  the  connections  of  the 
coils,  its  operation  is  much  more  readily  understood  than  that 
of  the  drihn  type,  though  the  fundamental  principle  of  both  is 
exactly  the  same.  After  you  have  thoroughly  mastered  the 
operation  of  the  ring  type,  the  operation  of  the  drum  type, 
whether  it  be  lap  or  wave  sound,  may  be  easily  followed. 


Fig,  169 — This  curve  shoioa  the  variation  in  the  force  tending  to 
turn  a  four-coil  ring  armature  that  ha^  a  four-segment  commu- 
tator and  is  placed  in  a  uniform  magnetic  field 

Types  of  Magnetic  Fields 

In  the  majority  of  cases  the  magnetic  field  of  a  motor  is  pro- 
duced by  electromagnets,  though  a  magnetic  field  may  be  produced 
by  powerful  permanent  horseshoe  magnets.  Small  machines  are 
usually  bipolar,  that  is,  they  have  one  north  pole  and  one  south 
pole  which  create  the  magnetic  field  in  which  the  armature  rotates. 
These  magnetic  fields  assume  a  number  of  different  forms,  three 
of  which  are  shown  in  Figs.  170a,  170b  and  170c. 

In  larger  machines  it  is  customary  to  use  multipolar  field  mag- 
nets, in  which  any  even  number  of  magnetic  poles  are  arranged  alter- 
nately around  the  armature,  as  in  Fig.  171,  which  depicts  a  six- 
pole  machine. 

The  magnetic  circuit  of  a  motor  whose  magnetic  field  is  created 
by  electromagnets  usually  consists  of  five  parts,  Fig.  171,  as  follows: 
First,  the  field  cores  C  are  the  parts  about  which  the  coils  carrying 
the  magnetizing  current  are  wound.  Second,  the  yoke  Y  con- 
nects the  field  cores  together  at  the  outer  ends,  as  in  the  figure,  and 
serves  the  double  purpose  of  completing  the  magnetic  circuit 
between  the  field  cores  and  of  providing  the  necessary  mechanical 
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onptHirts  for  the  cores.  Some  machines  have  no  yoke  in  tb«  mag- 
netic circuit.  Pig.  170a.  Third,  the  pole  pieces  P  are  the  parts 
of  the  magnetic  circuit  neit  to  the  armature.  They  uBually  are 
cut  to  conform  to  the  armature.  They  may  be  formed  by  properly 
shaping  the  ends  of  the  6eld  cores,  or  they  may  be  pieces  of  metal 
entirely  different  from  the  ends  of  the  field  cores,  being  fastened  to 
the  field  cores  by  bolts.  The  surfaces  of  the  pole  pieces  next  to  the 
armature  are  called  the  pole  faces  and  the  projecting  edges,  irhen 
so   constructed,   are   called   the   pole   tips.      Fourth,    the   armature 


Ftg     170a — Bipolar    magaftic  Fig,    170b— Bfpotor     magnetU) 

field  mtft  Mni/Ie  fletd  eoil     The  field  uUh  Ivo  field  ciMa     Here 

magnetic  circuit   has   no   voke  a  yoke  aupports  the  field  eoret 


core  A  conducts  the  magnetii:  flux  between  air  gaps  and  at  the 
same  time  series  as  a  mechanical  ftu[>port  for  the  armature  winding. 
Fifth,  the  air  gap  G  is  the  intervening  space  between  the  pole 
piece  and  the  armature. 

When  the  field  windings  are  placed  on  the  magnetic  tircuit 
as  in  Figs  170b  and  171,  the  magnetomotire  force  created  by  the 
current  in  one  coil  is  in  series  with  the  magnetomotive  force 
created  by  the  current  in  some  other  coil,  or  the  magnetomotive 
force  on  any  magnetic  circuit  Is  that  produced  by  the  two  coils  in 
series.  If  the  field  windings  be  placed  on  the  magnetic  circuit 
as  in  Figs.  170a  and  170c,  the  magnetomotive  force  acting  on  any 
magnetic  circuit  will  be  equal  to  that  produced  by  a  single  coil. 
Wben  the  field  windings  are  as  in  Figs.  170b  and  X'^l  vuif  half  as , 
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many  ampere  turns  p«r  coil  aa  would  be  required  if  the  coils 
were  placed  as  in  Figs.  170a  and  J70c  will  be  required,  aasuming 
the  total  reluctance  in  the  two  eases  to  be  the  same.  The  magneto- 
motive force  produced  by  the  field  coIIh  in  Fig.  171  acta  upon  two 
magnetic  circuita  and  aa  a  result  is  twice  aa  effective  aa  it  would 
be  if  the  coils  were  placed  about  the  joke  between  the  polea. 

Materials  Used  in  the  Construction  of  the  Magnetic  Circuit  of  a 
Motor:     Pour  materials  commonly  are  uaed  in  the  construction  of 
the  magnetic  circuit  of  a  motor,  that  la,  wrought  iron,  cast  iron, 
cast  ateel  and  sheet  »tcel.     Several  factors  govern  the  selection 
of  the  materials  to  be 
used  in  a  particular  ma- 
chine,   such     aa     initial 
coat,    weight,    efficiency 
demanded  by  purchaser, 

The  cheapeat  of  these 
materials  is  east  iron, 
but  its  magnetic  prop- 
erties are  poorer  than 
those  of  any  of  the  oth- 
ers, so  the  saving  in  the 
initial  cost  of  the  iron 
per  pound  might  be 
more  than  overbalanced 
by  the  fact  that  a  larger 
bulk  of  cast  iron  would 
be  required  to  form  n 
certain  magnetic  circuit 

than  would  be  required  if  wrought  iron,  for  example,  were  used. 
There  also  would  be  an  increase  in  the  cost  of  copper  required  to 
magnetize  the  magnetic  circuit  of  large  area,  since  the  length  of 
each  turn  would  be  more  than  if  a  better  material  were  used 
or  the  area  of  the  magnetic  circuit  were  reduced. 

Steel,  on  the  other  hand,  ia  the  best  magnetic  material  and  at 
the  same  time  the  most  expensive,  It  is  used  where  economy  in 
weight  and  reduction  in  cross-section  are  desired.  Machines  used 
on  electric  motor  cars,  etc.,  are  frequently  made  of  cast  or  laminated 
steel  on  account  of  the  large  reduction  in  weight,  which  ia  a  more 
important  factor  than  the  initial  coat. 


Fig.    170c — Another   type   of   6*. 

polar   mairncttc   fleld   with    lingle 

field  coil 
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The  magnetic  circuits  of  motor  cars  are,  as  a  rule,  constructed  of 
more  than  one  material.  Thus,  the  field  cores  may  be  of  wrought 
iron,  as  that  means  a  saving  in  copper  since  the  length  of  th« 
wire  per  turn  would  be  less  than  if  cast  iron  were  used;  the  yokj 
may  be  of  cast  iron,  as  its  area  can  be  made  larger  than  tho 
field  cores,  and  this  increase  in  area  will  provide  an  ample  magnetic 
circuit  and  also  the  mechanical  strength  necessary  to  support  tie 
field  cores.  The  armature  core  usually  is  constructed  of  sheet  metal 
to  reduce. the  eddy-current  loss  to  a  minimum ;  the  pole  pieces  may  be 
a  part  of  the  field  core  and  may  be  cast  or  laminated  and  bolted 
to  the  ends  of  the  field  cores.  Numerous  other  combinations  are 
used  in  the  construction  of  the  magnetic  circuit  of  a  motor,  but 
these  suggestions  serve  to  illustrate  some  of  the  more  important 
considerations  involved  in  a  proper  selection  of  the  materials  for 
a  particular  case. 

\  Magnetic  Leakage 

All  the  magnetic  lines  established  by  the  field  current  of  a  motor 
do  not  pass  through  the  armature  core  and,  therefore,  are  not 
all  useful  in  the  operation  of  the  motor.  The  ratio  of  the  total 
number  of  magnetic  lines  that  are  produced  to  the  number  that  are 
actually  useful  in  the  operation  of  the  motor  is  called  the  co- 
efficient of  dispersion.  The  value  of  this  coefficient  is  always  greater 
than  one,  as  there  are  always  more  lines  of  force  produced  than  are 
actually  useful.  It  is  desirable  to  have  the  value  of  the  dispersion 
coefficient  as  low  as  possible,  and  this  is  accomplished  by  constructing 
the  magnetic  circuit  so  it  will  have  no  abrupt  bends,  be  as  short  as 
possible  and  have  a  low  reluctance.  The  coefficient  of  dispersion 
can  be.  reduced  by  placing  the  field  winding  on  or  near  that  part 
of  the  magnetic  circuit  having  the  greatest  reluctance  and  by  so 
shaping  the  magnetic  circuit  that  the  paths  conducting  the  magnetic 
flux  which  is  not  useful  will  have  a  high  reluctance  as  compared 
to  the  paths  conducting  the  useful  magnetic  flux. 

Excitation  of  Direct-Curr^it  Motors 

Direct-current  motors  may  be  divided  into  three  classes  according 
to  the  method  employed  in  exciting  the  field  magnets.  These  are: 
(a)   Shunt  motors;    (b)   series  motors;  and  (c)  compound  motors. 

(a)  The  field  winding  of  a  shunt  motor  consists  of  a  relatively 
large  number  of  turns  of  small  wire  connected  directly  across  the 
terminals  of  the  machine  or  the  circuit  to  which  the  machine  ia 
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connected.  A  rheostat  maj  be  connected  in  series  irith  the  field 
winding,  which  may  be  used  in  adjusting  the  value  of  the  current, 
or  no  rheostat  may  be  used  at  all,  the  field  current  being  allowed 
to  vary  with  the  voltage  impreased  across  its  terminals  and  the 
change  in  the  resistance  of  the  field  winding,  due  to  a  change  in  its 
temperature.  The  connections  of  a  shunt  motor  are  shown  dia- 
grammatically  in  Pig,  172.  The  current  in  the  field  winding  is 
independent  of  the  current  in  the  armature  circuit  ae  long  as  a 


Fig.   ITl — This   sir-pole   magnetic   field   is 

marked  to  show  the  dilterent  parti  of  the 

magnetic  dreuit 

change   in   armature   current   produces   no   change   in    the   voltage 
impressed  on  the  shunt  field  winding. 

(h)  In  the  aeries  motor,  the  field  winding  consists  of  a  relatively 
few  turns  of  large  mire  connected  directly  in  series  with  the 
armature,  as  shown  diagram mafically  in  Fig.  173.  The  current  in 
the  field  winding  is  the  same  as  the  current  in  the  armature,  and  the 
strength  of  the  magnetic  field  of  the  machine  varies  with  the 
annature  current.     The  field  strength  does  not  increase  as  rapidly 
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sa  the  current  in  the  field  winding,  due  to  the  fact  that  the  reluc- 
tance of  the  magnetic  circuit  of  the  machine  increases  with  au 
increase  in  the  magnetic  flux.  In  Bome  caseH  a  resistance  is  con- 
nected in  parallel  with  the  series  field  winding  and  onlj  a  part  ot 
the  armature  curr^it  passes  through  the  field,  the  total  current 
dividing  inversely  as  the  resistance  of  the  two  branches  of  the 
divided  circuit. 

(c)  The  field  windings  of  a  compound  motor  are  a  combination, 
of  the  shunt  and  series  windings,  as  shown  diagrammaticallj  in  Figs. 
174  and  ITS.  The  magnetic  effccli  of  these  two  windings  maj  aid 
or  oppose  each  other,  depending  on  the  manner  in  which  they  are 


Ftg.  ITS — A  ahuni  field;  the  field  icinding  it  In  parallel  atth  the 
armature 

connected.  When  the  magnetizing  actions  of  the  series  and  shunt 
field  windings  a«t  in  the  same  direction  about  the  magnetic  circuit, 
the  machine  is  called  a  cumulative  compound  motor;  when  the 
magnetizing  actions  of  the  series  and  shunt  Held  windings  are  in 
opposite  directions  about  the  magnetic  circuit,  the  machine  is  called 
a  differential  compound  motor.  In  the  ease  of  the  cumulative  com- 
pound motor,  the  strength  of  tbe  magnetic  field  increases  with  an 
increase  in  series  field  current,  mnce  the  two  magnetizing  effects 
act  together;  in  the  case  of  the  differential  compound  motor,  the 
strength  of  the  magnetic  field  decreases  with  an  i: 
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tield  current,  sinee  the  two  maguetiziiig  effects  act  in  opposite  direc- 

DirectioD  of  Botatiou  of  Machine  When  Changed  from  a  Gen- 
erator to  a  Motor :  The  direction  in  which  a  direct-current  generator 
will  operate  when  it  is  changed  to  a  motor  eawly  may  be  determined 
by  the  following  simple  relations.  First,  if  both  the  direction  of  the 
armature  current  and  the  direction  of  the  magnetic  flux  through 
the  magnetic  circuit  of  the  machine  remain  unchanged,  or  if  both 
are  changed  when  the  machine  is  changed  from  a  generator  to  a 
motor,  the  direction  of  rotation  will  be  reversed.  Second,  if  either 
the  direotiou  of  the  armature  current  or  the  direclian  of  the  magnetic 


le  flela  uHndlng  tt  in  series  tcith 
ouUide  circuit 

flux  through  the  magnetic  circuit  be  reversed,  but  not  both,  when 
the  machine  is  changed  from  a  generator  to  a  motor,  the  direction 
of  rotation  will  remain  unchanged.  Third,  to  reverse  the  direction 
of  rotation  of  a  motor  it  is  neceesar;  to  reverse  either  tbe  direction 
of  the  armature  current  or  the  magnetic  flux,  but  not  both. 

If  a  shunt  generator  be  changed  to  a  motor,  the  polarity  of  the 
terminals  remaining  the  same,  the  direction  of  rotation  will  remain 
unchanged,  because  the  direction  of  the  shunt  field  current  remains 
the  same  and  the  armature  current  reverses  in  direction,  it  flowing 
from  the  negative  to  the  positive  terminal  Tvithin  the  generator  and 
from  the  positive  to  the  negative  terminal  within  the  motor.  If, 
however,  the  polarity  of  the  machine  be  reversed  when  it  is  changed 
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from  a  generator  to  a  motor,  the  direction  of  rotation  will  remain 
unchanged,  because  the  direction  of  the  shunt  current  is  reversed 
and  the  direction  of  the  armature  current  remains  constant.  This 
leads  to  the  general  statement  that  a  abunt  generator  when  changed 
to  a  motor  trill  operate  in  the  same  direction,  regardless  of  the 
polarity  of  its  terminals,  provided  there  is  no  change  in  the  con- 
nections of  the  armature  and   field  windings   with  reject   to  each 

If  a  aeries  generator  be  changed  to  a  motor,  the  polarity  of  the 
terminals  remaining  the  same,  both  the  armature  current  and  the 
magnetic    flux    will    reverse    in    direction,    and    the    direction    of 


direction 

rotation  wilt  reverse.  If  the  polarity  of  the  machine  changes 
nhen  it  is  changed  from  a  generator  to  a  motor,  then  the  armature 
current  and  the  direction  of  the  magnetic  Geld  will  remain  unchanged, 
and  the  direction  of  rotation  will  be  reversed.  This  leads  to  the 
general  statement  that  a  series  generator  when  changed  to  a  motor 
will  operate  in  the  opposite  direction,  regardless  of  the  polarity  of 
its  terminals,  provided  there  is  no  change  in  the  connections  of  the 
armature  and  field  windings  with  respect  to  each  other. 

If  a  cumulative  compound  generator  be  changed  to  a  motor  with- 
out an;  change  in  the  connections  of  the  field  windings,  the  machine 
nill  become  a  differential  compound  motor.     Likewise,  if  the  ma- 
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chine  is  a  differential  compound  generator,  it  will  become  a  cumula- 
tive compound  motor.  Tbe  direction  of  rotation  of  sucli  ft  machine 
when  changed  to  a  motor  will  depend  on  the  relative  effects  of  the 
Beries  and  the  shunt  field  windings.  For  example,  a  differential 
compound  motor  may  start  up  under  the  influence  of  the  series  wind- 
ing, and  after  the  shunt  field  current  Ikas  bad  time  to  build  up  in 
value  the  armature  ma;  atop  and  start  to  rotate  in  the  opposite 
Erection. 

Armatire  Reactkm  m  «  Motor 

When  a  current  is  in  the  armature  winding  of  a  motor  a  magnetiz- 
ing effect  is  produced,  due  to  this  current,  and  acts  on  the  main 


rip,  ITS — A  differentUU  oompoitnd  field  In  mhteh  the  magnetizing 

aetiont  oj  the    shunt  and  series  flcld  vrlndinge     are  In  opposite 

directiona 

magnetic  field  of  the  motor.  This  effect  is  called  armature  reaction. 
Tbe  effect  of  this  magnetizing  action,  due  to  the  armature  curnsut, 
maj'  be  illustrated  as  foUotva:  Take  a  simple  two-pole  drum  arma- 
ture with  a  number  of  wires  uniformly  distributed  over  its  surface 
and  imagine  it  placed  in  a  bipolar  magnetic  field,  as  in  Fig.  176,  ■ 
which  shows  a  cross-section  through  the  armature  and  fields.  Current 
is  supplied  to  the  armature  winding  by  two  brushes  which  rest  on  a 
commutator,  and  these  brushes  are  placed  In  such  a  position  that  all 
the  wires  on  the  right  of  a  vertical  line  through  the  center  of  the 
armature  have  a  current  in  them  from  the  surface  of  the  paper  and 
those  on  the  left-hand  Bide  a  current  toward  the  surface  of  the  paper. 
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If  the  magnetic  polea  have  the  polarity  indicated  in  tho  figure,  then 
the  armature  will  tend  to  revolve  in  a  counterclockwiae  direction,  tu 
indicated  by  the  curved  arrow.  This  direction  of  rotation  easily 
ma;  be  determined  by  an  application  of  the  left-hand,  or  motor,  rule. 
The  plane,  marked  AC  in  the  figure,  which  is  perpendicular  to  the 
axis  of  the  poles,  and  also  the  sheet  of  paper,  ia  called  the  normal 
neutral  plane.  This  normal  neutral  plane  is  perpendicular  to  the 
magnetic  flux  when  there  ia  no  current  in  the  armature  winding. 
Now  imagine  the  field  current  of  the  motor  ia  eoto  and  that  a  current 
is  sent  through  the  armature  winding  from  some  outside  Bouree. 
The  current  in  the  armature  winding  produces  a  magnetic  field 


/7c 

Fig.  176 — iBIpalar  m 

whose  general  direction  through  the  armature  core  is  downward, 
as  in  Fig.  177,  when  the  current  is  in  the  direction  indicated. 
Since  the  magnetizing  effects  of  the  armature  current  and  the  field 
current  are  present  at  the  same  time,  they  combine  and  form  a 
resultant  ma.gneti2ing  effect  which  produces  a  magnetic  field  whose 
general  direction  is  similar  to  that  in  Fig.  178.  As  a  result  of  the 
magnetizing  action  of  the  armature  current  the  magnetic  field  of  a 
motor  is  twisted  in  a  direction  opposite  to  the  direction  of  rotation  of 
the  armature,  which  is  Just  the  reverse  of  what  occurs  in  the  case  of 
the  generator.   This  twisting  of  the  magnetic  field  results  in  the  nau- 
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tral  plana,  nhicb  ta  a  plane  perpendicular  to  the  direction  of  the  mag- 
netic field,  being  moved  back  of  the  normal  neutral  plane,  as  shown 
by  the  line  AC  in  Fig,  178. 

Proper  Position  of  the  Brushes  on  a  Direct-Current 
Motor 

In  order  that  the  armature  produce  its  maximum  turning  effort 
for  a  given  armature  current  and  magnetic  field,  it  is  necessarj 
that  the  brushes  be  placed  on  the  commutator  in  such  a  position 
that  the  current  in  the  eonductors  on  the  surface  of  the  armature 
I   direction   when  the  wires  are  moving  parallel   to   the 


fUl-  ITT — Bipolar  motor  ailh  magnetic  field  dac  to  arntattire  a 


magnetic  field,  or  when  they  are  in  the  neutral  plane. 
then  that  the  bnuhes  be  moved  backirard,  or  opposite 
of  rotation  in  the  case  of  the  motor,  as  the  current  i 
tHinding  increases,  which 
twiat«d  «r  tnoved  from  the  position  it 


Ttis 


necessary 

the  direction 

the  armature 

nt  the  neutral  plane  is 

ipies  when  there  i 


current  in  the  armature  winding.    The  brushes  are  usuallx  moved 
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a  little  farther  back  than  the  neutral  plane,  though  there  is  a  Blight 
reduction  in  the  turatng  effort  to  improve  com  mutation,  as  es- 
plaiced  in  the  aection  on  Commutation.  The  position  occupied  bj 
the  brushes  is  called  the  commutating  plane.  The  position  the 
brushes  actually  occupy  with  respect  to  the  poles  of  the  machine 
nill  be  quite  different  from  that  indicated  in  the  figures  dealing 
with  armature  reaction,  bo  that  the  end  connections  of  the  wires  to 
the  commutator  segments  nill  be  of  the  same  length  and  form,  but 
the  direction  of  the  current  in  the  different  wires  will  be  the  same  aa 
indicated  in  the  figures.  The  brusbes  will  occupj  a  position  approxi- 
mately midway  between  the  positions  indicated  in  the  figures. 


Fig.  ITS — Btpdlar  motor  tcilh  magnetic  field  due   to   efMK^d 

magnetliing  effet^c  of  armature  and  field  currents.   Nate  pogitUm 

of   Srusheg 

With  a  change  in  the  position  of  the  brushes,  the  direction  of 
the  current  in  some  of  the  wires  on  the  surface  of  the  armature 
will  change.  Thus,  if  the  brushes  are  moved  in  a  direction  opposite 
_to  that  in  which  the  armature  tends  to  rotate,  as  in  Fig.  178,  the 
direction  of  the  current  in  the  wires  contained  in  the  angle  through 
which  the  brusbes  are  moved  will  change,  and  the  magnetic  effect 
of  a  current  in  the  armature  no  longer  nill  be  in  a  direction  at  right 
angles  to  the  magnetizing  effect  of  the  field  current  but  in  a  direc- 
tion similar  to  that  in  Fig.  179.  This  magnetizing  effect  of  the  arma- 
ture can  be  thought  of  as  made  up  of  two  parts,  one  part  acting  per- 
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pendicular   to   the  magnetizing  effect  of   the   field  currelit,   called 

the  crOBB- magnetizing  effect,  and  the  other  part  at^ting  parallel 
to  the  magnetizing  effect  of  tlie  field  current,  called  the  demagnetiz- 
ing effect.  Tlie  demagnetizing  effect  of  the  armature  current  tends 
to  weaken  the  magnetic  field  of  the  motor,  and  the  croBs-magnetiz- 
ing  effect  tends  to  distort,  or  twiat,  the  magnetic  field  in  a  direc- 
tion opposite  to  the  direction  in  which  the  armature  rotates. 

The  angle  betn-een  the  commutatiag  plane  and  the  normal  neutral 
plane  is  called  the  angle  of  lag  in  the  case  of  the  motor,  because 
the  brushes  are  moved  backward  or  given  a  lag  with  respect  to  the 


normal  neutral  plane,  and  it  is  called  the  angle  of  lead  in  the  case 
of  a  generator,  because  the  brushes  are  moved  forward  or  given  an 
angle  of   lead   nith   respect   to   the   normal  neutral   plane. 

Demagnetizing  and   Crou-Magnetizing  Ampere-Tarns 

The  relative  positions  of  the  commutating  planes  for  a  generator 
and  a  motor  are  shown  in  Fig.  180,  the  full  line  representing  the 
commutating  plane  of  the  motor  and  the  dotted  line  representing 
the  commutating  plane  of  the  generator.  The  direction  of  current 
in  the  armature  wires  corresponds  to  the  motor  connections,  and 
the  direction  of  rotation  will  be  as  indicated  by  the  curved  arrow. 
The  wires  between  the  two  commutating  planes  on  one  side  of  the 
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armature  can  be  thought  of  as  being  iu  series  nitb  the  wires  be- 
tweeo  tbe  two  eammutating  planes  on  the  opposite  side  of  the 
armature  and  forming  a  number  of  complete  turns  about  the 
armature  core.  The  remaining  wires  maj  be  thought  of  as  forming 
a  second  set  of  turns.  Tbe  product  of  the  turns  in  the  angle  be- 
tween the  commutating  planes  and  the  current  in  each  of  these 
turns  gives  the  value  of  what  is  called  the  demagnetizing  ampere- 
turns,  because  tbeir  effect  is  to  produce  a  weakening  of  the  magnetic 
field  of  tbe  machine.  Tbe  product  of  the  remaining  turns  and  the 
current  they  carry  gives  the  value  of  what  is  called  the  cross-mag- 
netizing  ampere-turns,   because    they   act   at   right   angles    to   the 


magnetizing  effect  of  the  field  current  of  the  machine.  The 
turns  in  the  angle  between  the  commutating  planes  are  called  the 
demagnetizing,  or  back,  turns  and  the  remaining  turns  are  called 
tbe  cross  turns. 


The  proeeaa  of  commutation  can  be  explained  by  reference  to 
a  simplified  diagram  of  the  armature  winding  as  shown  in  Fig.  181. 
The  commutator  segments  are  marked  CI,  C2,  C3,  etc.,  while  the 
various  parts  of  the  armature  winding  called  elements  and  marked 
1,  2,  3,  etc.,  are  shown  connected  in  series,  the  terminals  of  these 
elements  being   connected  to  the  commutator   sBgments  in  regular 
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order.  Tlie  position  of  the  neutral  plane  is  represented  by  the  line 
AC,  the  direction  of  rotation  by  the  large  curved  arrow,  the  direetion 
ftt  the  polarity  of  the  part  of  the  pole  shown  to  the  right  by  the  letter 
8;  and  the  current  in  the  various  elements  of  the  winding  by  the 
Bmsll  arrows.  With  the  direction  of  current  in  the  elements  of  the 
armature  winding  corresponding  to  that  shown  in  the  figure,  the 
brush  B  must  be  negative  in  the  case  of  a  motor. 

As  the  armature  rotates  the  commutator  segments  in  tarn  pass 
iinder  the  brush,  and  if  the  arc  of  contact  of  the  brush  on  the  com- 
mutator is  greater  than  the  width  of  the  insulation  between  the 
commutator  segments,   which  always  should   be  the  case,  then  an. 


element  of  the  armature  winding  will  be  short-circuited  when  the 
brush  is  in  contact  with  the  two  segments  to  which  the  terminals 
of  the  element  are  connected.  When  an  element  becomes  short- 
circuited  by  the  brush  it  is  no  longer  directly  in  aeries  with  the 
elements  of  the  armature  winding  to  its  right  or  left,  and  the  current 
in  the  element  will  drop  to  zero  value,  provided  there  13  no  electro- 
motive force  induced  in  the  element,  or  it  is  moving  parallel  to  the 
magnetic  field.  It  does  not  do  so  instantly  on  account  of  a  property 
of  the  element,  called  ita  inductance,   which  tends  to  prolong  the 
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current.  As  the  armature  rotates  one  of  the  commutator  segments 
to  which  the  short-circuited  element  is  connected  moves  out  from 
under  the  edge  of  the  brush  and  the  short-circuit  on  the  element 
is  removed,  and  the  element  becomes  a  part  of  the  circuit  through 
the  armature  to  the  left  of  the  brush.  When  the  element  which 
was  short-circuited  becomes  a  part  of  the  left-hand  path  through 
the  armature,  it  must  carry  the  same  current  the  other  elements 
in  that  path  carry,  regardless  of  the  value  of  the  electromotive 
force  being  generated  in  the  element,  because  they  are  all  directly 
in  series.  If  the  short-circuited  element  has  zero  current  when 
the  short-circuit  is  removed  by  one  of  the  segments  moving  from 
under  the  brush,  the  current  in  the  element  must  increase  almost 
instantly  to  a  value  equal  to  the  current  in  the  elements  in  the 
left-handed  circuit  through  the  armature.  A  property  of  the  ele- 
ment, inductance,  opposes  this  sudden  increase  in  current,  and  as 
a  result  there  is  a  tendency  for  an  arc  to  form  between  the  edge 
of  the  brush  and  the  commutator  segment  which  is  breaking  con- 
tact with  the  brush  until  the  current  .in  the  element  whose  short- 
circuit  is  being  removed  has  reached  its  proper  value,  or  the  in- 
ductance of  the  coil  has  been  overcome.  This  condition  of  affairs 
would  result  in  a  continuous  sparking  at  the  brushes,  which  would 
not  only  represent  a  loss  but  would  be  injurious  to  both  the  com- 
mutator  and   the  brushes. 

Sparking  due  to  the  cause  just  mentioned  can  be  reduced  and 
practically  overcome  by  moving  the  brushes  back  of  the  neutral 
plane.  When  the  brushes  are  thus  changed,  an  electromotive  force 
will  be  induced  in  the  element  of  the  winding  while  it  is  short- 
circuited,  and  this  electromotive  force  will  be  in  a  direction  such 
as  to  produce  a  current  in  the  element  in  the  same  direction  as  tKe 
current  in  the  elements  to  the  left  of  the  brush.  The  induced  electro- 
motive force  in  the  element  which  is  short-circuited  also  causes  the 
current  in  the  element,  when  it  comes  into  the  short-circuited  posi- 
tion, to  decrease  to  zero  value  in  a  less  time  than  it  would  if  there 
were  no  induced  electromotive  force  in  the  element.  The  above 
results,  due  to  the  effect  of  the  induced  electromotive  force  in  the 
short-circuited  element,  indicates  that  the  inductance  of  the  ele- 
ment is  overcome  while  it  is  short-circuited,  and  a  current  of  the 
proper  valu6  will  be  established  already  in  the  element  when  it 
becomes  a  part  of  the  left-hand  circuit.  Moving  the  brushes 
back   of  the .  neutral  plane  results  in   a   decrease  in   the   turning 
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effort  the  armature  is  capable  of  producing,  but  thisds  more  than 
offset  by  the  advantages  of  better  commutation. 

The  winding  which  has  been  used  in  explaining  commutation  is 
perhaps  the  simplest  form  possible,  but  the  fundamental  principles 
involved  are  practically  the  same  in  every  case. 

In  certain  types  of  lap  windings  the  elements  are  connected  to 
segments  which  are  not  adjacent  to  each  other  but  may  be  several 
segments  apart.  In  such  a  winding,  it  is  necessary  that  the  arc 
of  contact  of  the  brushes  cover  several  segments  in  order  that  the 
various  elements  may  be  commutated  properly.  The  time  of  short- 
circuit  of  the  different  elements  must  be  such  that  it  is  possible 
to  reverse  the  current  in  the  element. 

In  the  case  of  wave  windings,  the  elements  are  connected  to 
commutator  segments  which  are  approximately  360  electrical  de- 
grees apart,  and  instead  of  an  element  being  short-circuited  by  a 
single  brush,  as  in  the  lap  winding,  it  is  short-circuited  by  two 
brushes  of  the  same  polarity,  these  brushes  being  connected  ex- 
ternally by  a  heavy  conductor,  called  the  brush  ring. 

The  brushes  on  a  machine  may  be  adjusted  to  give  practically 
perfect  commutation  for  a  given  field  current  and  armature  current, 
but  if  either  the  field  or  the  armature  current,  or  both,  change 
in  value,  there  will  be  a  change  in  the  degree  to  which  the  resultant 
magnetic  field  of  the  machine  is  twisted,  and,  as  a  result,  the  com- 
mutation will  not  be  as  satisfactory  as  before  the  change.  To 
have  as  good  commutation  as  possible  at  all  times,  it  would  be 
necessary  to  move  the  brushes  whenever  the  position  of  the  neutral 
plane  is  changed. 

Commutation  is  improved  somewhat  by  increasing  the  resistance 
of  the  short-circuited  element,  though  there  is  a  slight  decrease 
in  efficiency,  due  to  the  introduction  of  this  resistance  in  the  main 
armature  circuit.  When  the  resistance  of  the  short-circuited  ele- 
ment is  increased,  the  current  can  be  reversed  in  direction  in  a  shorter 
time  than  with  the  lower  resistance.  Carbon  brushes  have  the 
advantage  of  giving  better  commutation  than  copper  brushes,  as 
they  offer  a  higher  resistance  in  the  path  of  the  short-circuited 
element  than  the  copper  brushes  do.  They  are  sometimes  copper- 
plated  to  reduce  their  resistance  in  the  main  circuit  of  the  machine. 

Reducing  Armature  Reaction 

Armature  reaction  interferes  with  the  satisfactory  operation  of 
the  motor,  and  it  always  is  desirable  to  reduce  it  to  a  minimum  where 


252         ELECTRICAL  EQUIPMENT  OF  THE  MOTOR  CAR 

poHBible.     There  are  several  methodH  of  bringing  aboat  a  reduction 
in  armature  reaction,  aome  of  the  more  important  ones  being: 

(a)  Bj  coastmcting  the  machine  with  a  relativel;r  long  ait  gap; 

(b)  Bj  slotting  the  pole  cores  parallel  to  the  axis  of  the  armature 

(c)  By  properly  shaping  the  pole  pieces. 

(a)   Increasing  the  lengtb  of  the  air  gap  increases  the  reluctance 
of  the  magnetic  circuit,  and  more  ampere-turns  are  required  to  pro- 
duce the  necessary  magnetic  flux  than   would  be  required  with  a 
ahorter  air  gap.     The  effect  of  the  cross  ampere-turns  on  the  arma- 
ture  in  distorting  the  magnetic  field  is  not   so  great  when   many 
ampere-turns  per  pole  are  required,  as  it  is  with  fewer  ampere-turns 
per  pole.     As  a  Tesnlt, 
the  position  of  the  neu- 
tral  plane   of   the    ma- 
chine  remains   more 
nearly  constant. 

(b)  Cutting  slots  in 
the  pole  cores  parallel 
to  tbe  axis  of  the  arma- 
ture core  introduces  a 
larger  reluctance  in  the 
path  on  which  the  cross 
magnetizing  ampere- 
turns  act  but  does  not 
introduce  anything  like 
as  great  a  reluctance  in 
the  main  magnetic  cir- 
cuit of  the  machine. 

(c)  The  shifting  of 
the  magnetic  flux  across  tbe  pole  shoes  of  the  machine  can  be  reduced 
readily  by  shaping  tbe  pole  faces  so  that  the  parts  of  the  air  gap 
where  the  magnetic  flui  tends  to  become  most  dense  will  have  the 
greater  reluctance.  Thus  the  pole  tips  may  be  chamfered,  as  in 
Fig.  182,  or  the  bore  of  the  pole  faces  may  be  made  eccentric  with 
respect  to  the  armature,  as  in  Fig.  1S3.  Additional  reluctance  at  the 
poie  tips  may  be  provided  by  using  a  long  thin  tip  or,  in  the  case  of 
laminated  poles,  by  using  a  stamping  of  the  form  shown  in  Fig.  184, 
in  which  case  tbe  laminations  are  built  up  to  the  required  thickness  in 
such  a  manner  that  tbe  projecting  tips  are  on  alternate  sides.    This 
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eomtruction  may  be  used  for  the  pole  pieces  alooe  and  then  bolted  to 
S  solid  pole  core. 

Counter-Electromotive  Force 

When  the  armature  of  a  motor  revolves  in  the  magnetic  field  of 
the  machine,  an  eleetromotivc  force  is  induced  in  the  wires  on  the 
surface  of  the  armature,  called  conductors,  just  the  same  as  there 
would  be  if  the  machine  were  operated  as  a  generator.     Since  the 
relation  between  the  direction  of  motion  of  a  wire  carrying  a  current 
when  it  is  placed  in  a  magnetic  field  and  the  direction  of  the  maguetio 
fieW  in  the  case  of  a  motor  is  opposite  to  what  it  is  in  the  case  of  a 
generator,  the  direction  of  the  current  in  the  wires  and  the  direction 
of  the  magnetic  field  re- 
maining constant,  the  in- 
d  u  c  e  d      electromotive 
force    in    the    armature 
winding    of    the    motor 
will  be  just  the  reverse 
of  what  it  is  in  the  case 
of  the  generator. 

This  induced  electro- 
motive force  acts  in  a 
direction  just  opposite 
to  the  impressed  electro- 
motive force  which  is 
producing  the  current 
in  the  armature  wind- 
ing, and,   for  that  rea- 

ter-electro  motive  force 
of  the  motor.  The  counter- electromotive  force  of  a  motor  depends 
on  the  same  thing  on  which  the  generated  electrical  pressure  in  a 
generator  depends.  It  increases  with  an  increase  in  speed  and  de- 
creases with  a  decrease  in  speed,  all  other  conditions  remaining  the 
same.  It  also  increases  with  an  increase  in  the  field  strength  of 
the  motor  and  decreases  nitb  a  decrease  in  field  strength,  all  other 
conditions  remaining  the  same. 

The  counter-electromotive  force  of  a  motor  under  normal  condi- 
tions cannot  exceed  in  value  the  voltage  of  the  circuit  to  whieh  it  la 
connected;  just  as  the  voltage  of  a  battery  which  is  being  charged 
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cannot  rise  above  the  voltage  of  the  circuit  to  nhich  it  is  eomiected. 
If  the  electromotive  force  in  the  armature  o£  a  motor  for  auj  reaaon 
should  exceed  th        It  g      f  th  t  t    wb    h    t  ected,  the 

action  in  the  m  hm  will  hgfmthtf  mt  t  that  of  a 
generator  and       II  d  1  t  t    th      it      t  to     h    h  it  ia  con- 

nected just  a        b  tt    y  will  d  1  ur      t  t  ir      t  to  which  it 

is  connected  if  th        Itag      f  th    b  tte  y  ds  th        Itage  of  the 

circuit  and  thbttydish  g  t  dfh  gig  I  the  mot«r 
the  electricity  is  flowing  in  the  opposite  direction  to  the  pressure  and 
is  doing  work,  and  this  work  ia  transformed  in  the  motor  from 
electrical  work  into  mechanical  work,  a  part  of  which  is  delivered 
by  the  motor  to  the  device  it  may  be  operating. 

Torqne  Produced  by  a  Motor 

The  torque  of  a  motor  is  its  turning  effort,  which  is  measured  in 
pound-feet,  aa  explained  in  one  of  the  early  chapters.     There  are 
several  tbings  oil  which  the 
torque  of  a  motor  depends, 
but  only  two  of  these  may 
be  changed  after  the  motor 
is  constructed,  namely,  the 
field  strength  and  the  arma- 
ture current.     An  increase 
or  decrease  in  the  value  of 
either  the  field  strength  or 
armature   current   or   both 
results  in  an  increase  or  de- 
crease in  the  torque.    It  is  obvious  from  the  above  statement  that  the 
torque  of  a  motor  will  increase  more  rapidly  when  the  field  strength 
and  armature  <-urrent  are  both  increasing  than  it  will  when  either  the 
field  strength  or  armature  current  are  increasing  alone. 

Speed  <rf  a  Motor 

The  speed  of  a  motor  will  always  be  such,  when  it  has  reached  a 
constant  value,  that  the  torque  produced  ia  just  ample  to  drive  the 
load  connected  to  the  motor.  Since  the  torque  depends  on  the  value 
of  the  field  strength  and  the  armature  current,  it  is  evident  that  the 
constant  speed  at  which  a  motor  will  operate  when  driving  a  certain 
load  will  depend  on  the  field  strength  and  the  armature  current.  The 
armature  current  taken  by  a  motor  will  be  equal  to  the  voltage  of 
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the  ciretdt  to  which  the  motor  is  connected  minus  the  counter-electro- 
motive force  generated  in  the  armature  of  the  motor  divided  by  the 
resistance  of  the  armature  circuit.  The  counter-electromotive  force 
depends  on  the  field  strength  and  the  speed. 

In  general  then,  the  speed  of  a  motor  will  always  be  such  that  the 
counter-electromotive  force  generated  at  that  speed  will  permit  the 
proper  amount  of  current  to  pass  through  the  armature  in  order  that 
the  torque  developed  is  just  ample  to  drive  the  load  at  that  par- 
ticular speed.  If  the  load  on  the  motor  should  increase  for  any 
reason,  the  torque  that  is  being  developed  is  no  longer  ample  to  drive 
the  load  or  maintain  the  speed;  hence  there  is  a  decrease  in  speed, 
which  results  in  a  decrease  in  the  counter-electromotive  force  and 
in  turn  an  increase  in  armature  current  and  an  increase  in  torque. 
The  speed  will  continue  to  decrease  and  the  torque  to  build  up  until 
the  torque  has  increased  to  a  value  just  ample  to  drive  the  in- 
creased load.  Likewise,  should  the  load  on  a  motor  decrease  the 
torque  it  is  developing  will  be  more  than  is  required  to  drive  the 
load,  and  as  a  result  there  will  be  an  increase  in  speed.  This 
increase  in  speed  results  in  an  increase  in  counter-electromotive 
force,  which  causes  the  current  to  decrease,  and  hence  the  torque 
decreases.  The  increase  in  speed  will  continue  until  the  torque 
has  been  reduced  to  a  value  just  ample  to  drive  the  load  the 
motor  is  connected  to. 

Output  of  a  Motor 

The  output  of  a  motor  depends  on  the  torque  the  motor  is  develop- 
ing and  the  ispeed  at  which  the  motor  is  operating.  If  the  torque  be 
measured  in  pound-feet  and  the  speed  in  revolutions  per  minute,  then 
tne  output  of  the  motor  in  horsepower  may  be  determined  by  the 
following  equation: 

6.2832  X  torque  X  revolutions  per  minute 

Output  in  horsepower  = 

33,000 
It  is  evident  from  the  above  equation  that  the  horsepower  the  motor 
is  delivering  will  vary  directly  as  the  torque  if  the  speed  remains 
constant  and  directly  as  the  speed  if  the  torque  remains  constant. 

Operation  of  the  Shunt  Motor 

The  connections  of  a  shunt  motor  are  shown  diagrammatically  in 
Fig.  185.  In  this  particular  case  the  motor  is  arranged  to  be 
operated  from  a  three-cell  storage  battery.    When  the  switch  S  is 
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closed  a  current  whose  value  will  depend  on  the  voltage  of  the  battery 
and  the  resistance  of  the  field  circuit  will  be  established  in  the  field 
winding  and  at  the  same  time  a  current  will  be  established  in  the 
armature  circuit.  The  current  in  the  armature  will  react  on  the 
magnetic  field  produced  by  the  field  current,  and  a  torque  will  be 
produced,  which  will  cause  the  armature  to  rotate  unless  the  load 
on  the  motor  happens  to  require  a  greater  driving  torque  than  the 
motor  is  capable  of  producing.  Assuming  the  torque  the  motor  is 
producing  is  ample  to  start  the  load,  then  the  speed  will  increase, 
which  causes  the  counter-electromotive  force  to  increase,  it  being 
zero  in  value  while  the  armature  is  standing  still,  and  as  a  result  there 
will  be  a  decrease  in  the  current  in  the  armature  and  hence  a  decrease 
in  the  torque  developed. 

The  speed  will  continue  to  increase  and  the  torque  to  decrease 
until  the  torque  developed  is  just  ample  to  drive  the  load  at  the 


Fig.  185 — 8hunt  motor  connected  to  a  three-cell  battery 


particular  speed  it  is  then  operating.  Any  change  in  load  on  the 
motor  will  mean  a  change  in  the  torque  the  motor  is  required  to 
develop,  and  hence  a  change  in  speed  will  take  place  and  the  current 
in  the  armature  will  adjust  itself  to  the  required  value  to  produce 
the  desired  torque.  With  an  increase  in  load  there  will  be  a  decrease 
in  speed,  but  this  decrease,  in  the  ordinary  shunt  motor,  ordinarily 
will  not  amount  to  a  great  deal  in  percent  of  the  motor's  rated 
speed,  as  a  very  small  decrease  in  speed  will  result  in  the  necessary 
decrease  in  counter-electromotive  force.  As  a  rule  the  counter- 
electromotive  force  differs  from  the  impressed  voltage  acting  on  the 
motor  by  a  very  small  amount. 

The  relation  between  torque  and  armature  current  and  speed  and 
armature  current  may  be  represented  graphically,  as  shown  in  Fig. 
188.    If  the  field  strength  of  the  motor  were  to  remain  constant  the 
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torque  would  increase  directly  as  the  armature  current.  Since  there 
is  a  weakening  of  the  magnetic  field,  due  to  armature  reaction  and 
other  causes,  the  torque  will  not  increase  quite  as  rapidly  as  the 
current,  and  this  increase  will  grow  less  and  less  rapid  as  the  current 
increases  in  value,  which  accounts  for  the  curve  in  the  figure,  marked 
torque,  not  being  a  straight  line. 

The  speed  of  the  shunt  motor  decreases  with  an  increase  in  current 
in  order  that  there  be  the  proper  reduction  in  counter-electromotive 
force  so  that  the  current  may  increase  and  thus  produce  a  greater 
torque. 

Operation  of  the  Series  Motor 

The  connections  of  a  series  motor  are  shown  diagrammatically  in 
Fig.  186.  When  the  switch  S  is  closed  a  current  will  be  produced  by 
the  battery  in  the  armature  and  field  circuits  in  series.     The  value 


Fig,  186 — Series  motor  connected  to  a  three-cell  hattery 


of  this  current,  at  the  instant  the  circuit  is  closed,  will  be  equal  to 
the  voltage  of  the  battery  divided  by  the  total  resistance  of  the  cir- 
cuit, and  it  will  have  its  maximum  possible  value,  since  no  counter 
pressure  is  generated  in  the  armature  of  the  motor  when  it  is  stand- 
ing still.  This  large  current  will  produce  a  very  strong  magnetic 
field,  and  hence  a  maximum  torque  will  be  developed.  This  torque 
will  cause  the  armature  to  rotate,  unless  the  torque  required  to  drive 
the  load  exceeds  that  of  the  motor,  and  just  as  soon  as  the  armature 
starts  to  rotate  a  counter-electromotive  force  will  be  generated,  which 
will  cause  a  decrease  in  armature  current  and  hence  a  decrease  in 
torque.  When  the  torque  has  decreased  to  a  value  just  ample  to  drive 
the  load  at  the  speed  at  which  it  is  then  operating,  the  speed  of  the 
motor  will  become  constant.  As  the  motor  speeds  up  there  is  a  de- 
crease in  torque,  due  to  a  decrease  in  armature  current  and  also  due 
to  a  decrease  in  field  strength.    If  the  load  on  the  motor  is  decreased, 
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the  torque  tlie  motor  is  developing  is  more  than  ample  to  drive  the 
load,  and  it  immediately  starts  to  increase  in  speed.  The  increase  in 
speed  means  an  increase  in  counter-electromotive  force  and  a  decrease 
in  armature  and  field  current/  The  decreasing  field  current  causes 
the  field  strength  to  grow  less,  which  tends  to  lower  the  counter- 
electromotive  force.  This  tendency  of  the  decreasing  field 
strength  to  lower  the  counter-electromotive  force  in  effect 
does  not  amount  to  as  much  as  the  increase  in  speed,  which 
results  in  the  counter-electromotive  force  increasing.  The  in- 
crease, however,  is  not  as  much  as  would  take  place,  due  to  a  given 
change  in  speed,  if  the  field  strength  remained  unchanged.  Hence, 
in  order  to  bring  about  the  required  increase  in  counter-electromotive 
force  with  a  decrease  in  load  on  the  series  motor  there  will  be  a 
greater  increase  in  speed  than  in  the  case  of  the  shunt  motor. 

The  relation  between  speed  and  armature  current  for  a  series 
motor  is  shown  in  Fig.  187.  When  the  load  is  removed  entirely 
from  a  series  motor  the  only  torque  it  is  required  to  develop  is  that 
necessary  to  revolve  the  armature.  This  small  torque  means  a  small 
armature  and  field  current  is  required.  The  small  field  current  means 
a  very  weak  field,  and  the  speed  will  be  high  in  order  that  the  proper 
counter-electromotive  force  be  generated  by  revolving  the  armature 
in  the  weak  field.  In  some  cases  this  speed  may  become  dangerously 
high,  and  for  this  very  reason  it  is  not  advisable  to  try  to  operate  a 
series  motor  when  it  is  disconnected  from  a  load. 

The  torque  of  a  series  motor  increases  more  rapidly  as  the  cur- 
rent in  the  armature  increases  than  it  does  in  the  shunt  motor.  The 
reason  for  this  is  due  to  the  fact  that  the  field  strength  is  increasing 
at  the  same  time  the  armature  current  is  increasing.  The  relation 
between  torque  and  current  is  shown  by  the  curve  marked  torque  in 
Fig.  187.  The  characteristics  of  the  series  motor  as  pointed  out 
above  are  such  that  it  is  much  better  adapted  to  the  requirements 
of  a  motor  to  be  used  in  starting  the  gasoline  engine  than  the  shunt 
motor. 

Compound  Motor 

The  compound  motor  is  a  combination  of  the  series  and  shunt. 
When  the  magnetizing  action  of  the  series  field  opposes  the  mag- 
netizing action  of  the  shunt  field  the  machine  is  called  a  differential 
compound  motor.  When  the  magnetizing  action  of  the  two  fields 
act  in  the  same  direction  the  machine  is  called  a  cumulative  com- 
pound motor. 
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In  the  case  of  the  differential  compound  motor,  the  field  strength 
is  weakened  as  the  current  the  motor  takes  increases  and  as  a  result 
there  is  not  as  much  of  a  decrease  in  speed  in  order  that  the  counter- 
electromotive  force  decrease  to  the  required  value  as  there  would  be 
if  the  field  strength  remained  constant.  It  is  possible  in  such  a 
motor  to  maintain  the  speed  practically  constant  for  all  load  cur- 
rents by  properly  adjusting  the  magnetizing  effect  of  the  series 
fields.    The  torque  of  a  differential  motor  does  not  increase  as  rapidly 
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ARMATURE  CURRENT 

Tig,   187 — Relation   of  torque 
and  speed  to  armature  current 
for  -a   series   motor  is   repre- 
sented here 


ARMATURE  CURRENT 

Fig.  188 — These  curves  cihot9 

relation  of  torque  and  speed  to 

annature  current  for  a  shunt 

motor 


with  an  increase  in  amiature  current  as  it  would  if  the  field  remained 
constant  in  strength. 

The  characteristics  of  the  cumulative  compound  motor  are  be- 
tween those  of  the  shunt  and  series  motor,  it  being  a  combination 
of  the  two  so  far  as  the  magnetizing  action  of  the  field  windings 
are  concerned. 

Starting  Motors 

When  the  armature  of  a  motor  is  connected  directly  to  the  source 
of  pressure  a  current  whose  value  is  equal  to  the  pressure  divided  by 
the  resistance  of  the  circuit  will  be  produced.  In  some  cases  thi*'. 
current  is  excessive,  and  in  such  cases  it  is  necessary  to  connect  a 
variable  resistance  in  series  with  the  armature.  As  soon  as  the  arma- 
ture starts  to  rotate  a  counter-electromotive  force  will  be  generated,    \ 
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which  causes  the  current  to  decrease  in  value,  and  the  resistance  may 
be  decreased  in  value  and  finally  removed  from  the  circuit.  Such  a 
device  is  called  a  starting  box,  but  it  is  used  little  .with  motor  car 
motors,  as  the  motors  usually  are  designed  to  carry  the  maximum 
current  the  battery  will  send  through  them  when  the  armature  is  at 
a  standstill. 

Motor-Generator 

The  motor-generator  is  a  combination  of  a  motor  and  a  genera- 
tor, mechanically  connected  together  and  usually  mounted  on 
a  common  metal  or  wooden  base.  The  motor  of  such  a  combination 
may  be  either  a  direct-current  or  an  alternating-current  motor,  and 
it  may  be  constructed  to  operate  on  any  reasonable  value  of  voltage, 
depending  on  the  particular  requirements.  Likewise,  the  generator 
may  be  one  capable  of  delivering  either  direct-current  or  alternating 
current,  and  this  current  may  be  delivered  at  almost  any  voltage,  de- 
pending on  the  requirements,  which  determine  the  construction  of 
the  generator.  When  the  two  machines  are  coupled  directly  together 
by  a.  flexible  coupling  their  speed  will  be  the  same.  If  a  belt  or  gear 
is  used  in  connecting  them,  their  speeds  may  be  the  same  or  different, 
depending  on  the  size  of  the  pulleys  or  gears  used.  The  electrical 
operation  of  the  motor  is  entirely  independent  of  the  generator.  The 
field  of  either  machine  may  be  varied  in  strength  without  changing 
the  field  of  the  other  machine. 

A  combination  of  two  machines  forming  a  motor-generator  set  is 
shown  in  Fig.  189.  A  motor-generator  outfit  may  be  used  in  chang- 
ing alternating  current  at  one  voltage  into  direct  current  at  some 
other  voltage  or  vice  versa,  or  it  may  be  used  in  increasing  or  de- 
creasing alternating  or  direct-current  voltage.  For  example,  sup- 
pose only  alternating  current  is  available  and  you  wish  to  charge 
storage  batteries.  The  motor  element  of  your  motor-generator  should 
be  an  alternating-current  motor  of  such  a  construction  and  voltage 
that  it  will  operate  on  the  alternating-current  circuit  from  which  you 
are  to  obtain  the  electrical  energy.  The  generator  element  should 
be  of  such  a  construction  that  it  will  deliver  the  required  current  and 
at  the  proper  voltage.  The  horse-power  capacity  of  the  motor  always 
should  be  such  that  it  will  drive  the  generator  when  the  generator  is 
delivering  its  full  load. 

In  some  cases  direct-current  is  available  but  at  such  a  voltage  that 
it  cannot  be  used  economically  in  charging  storage  batteries  unless 
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the  batteries  be  eomtected  in  geries,  which  is  quite  incoiLTeideiit  and 
often  timee  impoBBible.  Id  such  caaee  it  often  results  in  a  large  sav- 
ing to  install  a  mo  tor -generator  set  composed  of  two  direct-current 
machines,  the  motor  being  constructed  to  operate  on  the  loltage  avail- ' 
able  and  the  generator  to  deliver  current  at  the  proper  voltage, to 
charge  the  batteries.  Hemember  that  the  output  of  the  generator  in 
watts  would  be  equal  to  the  input  t)  the  motor  in  watts  if  there  were 
no  losses  in  the  machines.     That  is,  if  the  voltage  of  the  generator 


is  less  than  the  voltage  of  the  motor,  then  the  current  the  generator 
will  deliver  will  be  greater  than  the  current  taken  to  operate  the 
motor.  On  account  of  losses  in  the  two  machines  the  output  of  the 
generator  is  alwajs  less  than  the  input  h>  the  motor. 

Dynatnotor 

The  dynamotor  is  a  machine  having  an  armature  with  two  windings 
and  provided  with  two  comrautators  which  may  be  mounted  on  the 
same  or  opposite  ends  of  the  armature.  Both  of  these  windings  re- 
volve in  the  same  magnetic  field,  and  any  change  in  the  strength  of 
the  magnetic  field  will  influence  the  value  of  the  voltage  generated 
in  both  windings.  The  voltage  generated  in  the  two  windings  nUl  be 
the  same  if  there  are  the  same  number  of  turns  about  the  armature 
in  each  of  the  windings.  If  the  number  of  turns  in  the  two  windings 
are  unequal  the  voltages  generated  in  the  two  windings  will  bear  the 
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same  relation  to  each  other  as  exists  between  the  number  of  turns, 
the  winding  of  larger  number  of  turns  having  the  greater  voltage 
induced  in  it. 

Both  of  these  windings  may  be  used  to  deliver  current;  that  is, 
both  windings  will  act  as  generators  when  the  armature  of  the  ma- 
chine is  driven  in  some  way  as  by  a  motor  or  gas  engine. 

One  winding  may  be  used  as  a  motor  and  drive  the  other  winding 
in  the  magnetic  field,  and  it  will  act  as  a  generator  and  may  deliver 
current.  The  voltage  at  which  the  generator  winding  will  deliver 
current  depends  on  the  ratio  between  the  number  of  turns  in  the 
two  windings  and  the  voltage  applied  to  the  motor  winding,  neglect- 
ing voltage  losses  in  the  two  windings.  This  voltage  relation  is  fixed 
by  the  relation  of  the  turns  in  the  two  windings  and  cannot  be 
changed  by  varying  the  strength  of  the  magnetic  field  as  in  the  case 
of  the  motor  generator  for  the  following  reasons: 

If  the  field  of  the  dytiamotor  be  increased  in  strength  in  an  at- 
tempt to  increase  the  voltage  generated  in  the  generator  winding, 
there  will  be  a  decrease  in  speed  of  the  armature,  as  the  necessary 
counter-electromotive  force  now  will  be  generated  in  the  motor  wind- 
ing at  a  lower  speed  since  the  field  strength  has  been  increased. 
This  decrease  in  speed  of  the  armature  counteracts  the  effect  of  the 
increase  in  field  strength  so  far  as  the  generator  winding  is  con- 
cerned, which  results  in  the  voltage  generated  in  the  generator  wind- 
ing remaining  practically  constant.  If  the  voltage  applied  to  the 
motor  winding  be  increased  or  decreased  there  will  be  a  proportion- 
ate increase  or  decrease  in  the  voltage  produced  in  the  generator  wind- 
ing. The  fixed  voltage  relation  in  the  dynamotor  is  its  chief  disad- 
vantage when  used  in  charging  storage  batteries,  as  the  current  sent 
through  the  battery  must  be  adjusted  by  a  series  resistance  rather 
than  by  varying  the  field  of  the  generator  as  in  the  case  of  the 
motor  generator. 

The  Dynamotor  as  a  Starting  and  Lighting  Unit 

The  dynamotor  is  used  by  several  different  companies  in  place  of  a 
separate  generator  and  motor.  The  electrical  and  mechanical  con- 
nections of  the  machine  are  such  that  the  generator  and  motor  actions 
are  taking  place  at  different  times.  A  good  practical  example  of  the 
use  of  the  dynamotor  is  found  in  the  Delco  system  shown  in  Fig.  190. 
The  terminals  of  the  two  sets  of  windings  are  brought  out  at  oppo- 
site ends  of  the  armature  and  connected  to  separate  commutators.    A 
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diagram  of  the  tno  bindings  is  given  in  Fig.  191.  There  are  nine- 
teen segments  in  the  commutator  of  the  motor  and  just  twice  as 
many,  or  thirty-eight,  in  the  commutator  of  the  generator.  These 
windings  are  placed  in  the  same  slots  in  the  armature  core.  The 
magnetic  field  of  the  machine  is  produced  by  either  a  shunt  or  series 
coU,  depending  on  whether  the  machine  is  acting  normally  as  a  gen- 
erator or  as  a  motor.  The  operation  of  the  Delco  dynamotor  may  be 
divided  into  three  dtstiuet  parts,  and  these  are : 

(a)  Motoring  the  generator, 

(b)  Cranking  the  engine. 

(o)   Generating  electrical  energy. 

Before  diseussing  eaeh  of  the  above  operations  it  will  be  best  to 
explain  what  changes  in  connections  take  place  when  the  ignition 


Fig,  180— .Side  vtetc  oj  Detco  Syruimotot,  mhich  uavally  is  catted  a 

awitdi  is  dosed  and  the  starting  pedal  is  pressed  down.  Closing  the 
ignition  switch  connects  the  generator  armature  winding  and  shunt 
field  across  the  terminate  of  the  storage  battery.  As  the  starting 
switch  is  pressed  down  one  of  the  brushes  on  the  commutator  of  the 
motor,  which  normally  ia  raised  from  the  surface  of  fhe  commutator, 
is  lowered ;  a  switch  in  series  with  the  armature  of  the  generator  is 
opened;  and  the  gears  used  in  cranking  the  engine  are  thrown  in 
mesh.     See  Fig.  192. 

(a)  When  the  armature  and  field  of  the  generator  are  connected  to 
the  battery  by  closing  the  ignition  switch  a  motor  action  takes  place 
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in  the  generator  armature  winding,  and  the  armature  starts  to  re- 
volve. The  connection  between  tbe  eliaft  of  the  dynamotor  and  the 
engine  is  made  bj  a  form  of  over-running  clutch  which  only  traasmitB 
power  when  the  shaft  driven  by  the  engine  tends  to  run  at  a  greater 
speed  than  the  shaft  of  the  dynamotor.  This  clutch,  called  the  gen- 
erator over-running  clutch,  allows  the  armature  of  the  djuamotor  to 
revolve  freely,  when  the  engine  is  standing  still,  in  the  same  direc- 
tion as  it  is  rotated  by  tbe  engine  when  the  dynamotor  is  being 
operated  as  a  generator. 

(b)  The  motoring  of  the  generator  assists  in  bringing  the  gears 
into  mesh  when  the  starting  pedal  is  pressed  down.  Lowering  the 
brush  on  the  commutator  of  the  motor  closes  the  motor  circuit,  which 
is  composed  of  the  motor  armature  winding  and  series  field  connected 


Fig,  m—Oompariaon  of  motor  and  generator  windings  on  Deloo 

dvnamotor 

in  series  to  the  battery.  At  tbe  same  time,  the  motor  action  in  the 
armature  of  tbe  generator  is  stopped  as  the  generator  switch  is 
opened.  The  dynamotor  now  is  operating  as  a  series  motor  and  driv- 
ing the  engine.  As  soon  as  the  engine  starts  to  Grc  the  motor  will 
cease  to  transmit  power  to  tbe  engine,  as  a  second  over-running  dutch 
in  one  of  the  gears  allows  the  speed  of  the  shaft  driven  by  the  engine 
to  exceed  the  speed  of  the  shaft  of  the  dynamotor.  The  starting 
pedal  now  should  be  released,  which  raises  the  motor  brush  and  closes 
the  generator  circoit. 
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(c)  As  soon  as  the  engine  epeede  up  power  will  be  traoamitted  to 
the  dfnamotur  through  the  generator  over-ninuing  clutch.  If  the 
generfitor  switch  is  closed  a  generator  action  will  take  place  in  the 
generator  armature  winding,  provided  the  voltage  in  this  winding 
exceeds  the  voltage  of  the  battery  to  which  the  bruBhes  of  the  gen- 
erator are  connected.  When  the  voltage  in  the  generator  armaturo 
winding  drops  below  the  voltage  of  the  battery,  due  to  an;  cause,  the 


Fig.  182 — End  i-iBWS  0/  Defco  dynamotor 

generator  will  be  changed  to  a  motor,  and  power  may  be  transmitted 
to  the  engine  through  the  motor  over-running  clutfh.  A  more  com-  - 
plete  description  of  this  and  other  Himilar  systems  will  be  given  later 
when  the  various  complete  ByHtems  are  dlacnsaed  in  detail 


CHAPTER  XVII 

Motor  and  Engine  Connection 

General  Requirements  of  Starting  Motor 

THE  chief  function  of  the  starting  motor  is  to  turn  the  gaso- 
line engine  over  at  such  a  speed  that  it  may  be  started 
readily,  assuming  the  position  and  intensity  of  the  spark,  as  well 
as  the  gas  mixture  and  all  other  conditions  under  which  the  start- 
ing motor  must  be  capable  of  operating  the  engine,  in  the  major- 
ity of  cases  is  between  100  and  200  r.p.m.  If  the  starting  motor 
is  connected  to  the  engine  in  such  a  manner  that  it  must  operate 
at  the  same  speed  as  the  engine,  it  is  evident  that  it  must  be 
capable  of  developing  sufficient  torque  so  that  the  torque  available 
at  the  gear  or  pulley  on  its  shaft  is  just  equal  to  that  required 
to  drive  the  engine  at  the  desired  speed. 

On  the  other  hand,  if  the  connection  between  the  motor  and 
engine  be  made  in  such  a  manner  that  the  motor  may  run  much 
faster  in  r.p.m.  than  the  engine,  the  torque  the  motor  must  be 
capable  of  producing  at  the  gear  or  pulley  on  its  shaft  will  bear, 
neglecting  losses,  the  same  relation  to  the  torque  required  to 
drive  the  engine  as  the  speed  of  the  engine  bears  to  the  speed 
of  the  motor. 

For  example,  if  a  certain  engine  requires  a  torque  of  20  pound 
feet  to  drive  it  at  a  speed  of  150  r.p.m.  and  the  starting  motor 
is  geared  to  the  engine  in  such  a  manner  that  it  operates  at  forty 
times  the  speed  of  the  engine,  then  the  torque  the  motor  must  be 
capable  of  delivering  at  its  gear  or  pulley  will  be,  neglecting 
losses,  equal  to  one  1/40  of  20  or  .5  pound  feet.  The  loisses  between 
the  gear  on  the  motor  shaft  and  the  shaft  of  the  engine  must 
be  taken  care  of  by  the  motor  in  addition  to  driving  the  engine; 
that  is,  the  actual  torque  of  the  motor  will  always  be  greater 
than  the  theoretical  torque  required,  due  to  these  losses.  The 
losses  in  some  gear  types  of  transmissions  may  amount  to  as  much 
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as  40  per  cent,  while  the  manufacturers  of  certain  types  of  chain 
transmissions  claim  the  losses  are  as  low  as  5  per  cent. 

The  size  of  an  electric  motor  capable  of  delivering  a  certain 
horsepower  depends  on  the  speed  at  which  the  motor  is  to  be 
operated,  there  being  an  increase  in  size  with  a  decrease  in  speed 
and,  conversely,  a  decrease  in  size  with  an  increase  in  speed.  On 
account  of  the  limitations  in  size  of  the  starting  motor,  due  to 
space  and  weight  requirements,  it  is  obvious  that  it  would  be 
better  to  have  the  speed  at  which  the  motor  operates  greater 
than  the  speed  of  the  engine.  There  are  several  exceptions  to 
this  last  statement,  and  the  principal  ones  are  found  in  the 
U.S.L.  outfit,  the  Woods  dual  power  car  and  the  Owen  Magnetic, 
all  of  which  will  be  explained  in  detail  later. 

The  main  requirement  of  the  connection  between  the  electric 
motor  and  the  engine  is  to  provide  a  positive  mechanical  connec- 
tion 80  that  the  power  developed  by  the  motor  may  be  trans- 
mitted to  the  crankshaft  of  the  engine.  This  mechanical  connec- 
tion is  required  only  when  the  motor  is  driving  the  engine,  and 
the  construction  and  operation  of  the  intermediate  device  should 
be  such  that  power  may  be  transmitted  in  one  direction  only. 
This  can  be  explained  better  by  assuming  a  definite  case. 

Suppose  the  ratio  between  motor  and  engine  speeds  in  a  certain 
installation  is  30  to  1  and  that  the  motor  will  operate  the  engine 
at  125  r.p.m.  When  the  engine  starts  to  fire,  it  is  operating  at 
approximately  125  r.p.m.  and  the  motor  is  operating  at  3,750 
r.p.m.  The  speed  of  the  engine  will  increase,  and  when  it  reaches 
a  speed  of  500  r.p.m.  the  speed  of  the  motor  will  be  15,000,  which 
is  considerably  above  the  safety  limit,  and  the  motor  should  be 
disconnected  from  the  engine  long  before  this  speed  has  been 
reached. 

Several  different  devices  are  employed  to  overcome  the  above 
difficulty^  such  as  the  ordinary  jaw  clutch  similar  to  that  employed 
on  all  hand  cranks,  friction  clutch,  roller  overrunning  clutch, 
ratchet-and-pawl  overrunning  clutch,  worm-and-worm-wheel,  Ben- 
dix  drive,  electromagnetic-operated  pinions,  mechanically-operated 
pinions,  etc. 

Oveminning  Jaw  Clutch 

A  type  of  clutch  similar  to  that  used  in  connecting  the  starting 
crank  to  the  crankshaft  of  a  motor  first  was  used  in  connecting 
the  starting  motor  to  the  engine.    This  clutch  consists  of  a  number 


268         ELECTRICAL  EQUIPMENT  OF  THE  MOTOE  CAR 

of  jawa  on  two  opposite  surfaces  with  their  backs  beveled  and 
arranged  so  that  they  will  mesh  with  each  other;  but  power  can 
be  transmitted  in  one  direction  only,  as  the  jaws  will  slide  past 
each  other  when  the  portion  of  the  clutch  being  driven  tends  to 
exceed  the  speed  of  the  driving  portion.  This  type  Js  little  need, 
due  principally  to  the  fact  that  it  gives  a  clicking  noise  when 
the  engine  runs  away  from  the  starting  motor,  as  it  will  do  imme- 
diately after  each  piston  has  passed  its  position  of  maximum 
compression. 

An  example  of  the  application  of  a  clutch  of  this  type  is  shown 
in  Figs.  193,  194  and  195.     Wbeu  the  upper  end  of  the  clutch 


SPROCKET         WORM  GEAR. 


actuator  is  moved  toward  the  right  the  left-hand  portion  of  the 
clutch  shown  in  Fig.  103  will  move  along  the  end  of  the  crank- 
shaft, and  the  teeth  become  engaged  with  the  teeth  on  the  surface 
of  the  large  sprocket.  This  ^rocket  turns  freely  on  the  end  of 
the  crankshaft  when  the  clutch  is  disengaged,  being  driven  by  a 
chain  which  runs  over  a  second  and  smaller  sprocket  mounted  on 
a  shaft  as  shown  in  Fig.  194,  which  in  turn  is  driven  by  the 
starting  motor  through  a  worm-and-worm  gear  as  shown  in  Fig. 
195.    As  long  as  the  large  sprocket  in  Fig.  193  tends  to  turn  faster 
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in  a  clockwise  direction  aa  viewed  from  tbe  left-hand  end,  or 
front,  of  the  engine  than  the  left-band  part  of  the  clutch,  tlie 
two  portions  of  the  clutch  will  remain  engaged,  but  juat  as  soon 
as  the  speed  of  the  engine  exceeds  that  of  the  large  sprocket 


r.       ivnen    the   enflfne   rutiB   away 
the  clutch  gives  aclicking  norte 


the  clutch  becomes  disengaged  and  the  two  surfaces  move  relative 
to  each  other,  giving  a  clicking  sound. 

Overrunning  Roller  Clutch 

There  are  several  different  forms  of  roller  clutches,  but  in  prin- 
ciple thej  are  the  same.    For  this  reason  a  typical  form,  such  as 
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the  one  uaed  b;  Gray  &  Davis,  will  be  described.  The  conatiue- 
tion  of  the  clutch  is  ahown  In  Fig.  166,  and  it  conaists  of  tn>  prin- 
cipal parts,  the  outer  ring  B  and  the  clutch  center  C.  The  outer 
portion  of  the  clutch  may  be  driven  by  gears,  chain  driTe,  or  it 
may  be  connected  rigidly  to  the  driving  shaft.  In  this  particular 
case  power  is  transmitted  to  B  by  the  pinion  F,  and  it  isarranged 
to  drive  the  inner  portion  C  in  a  clockniae  direetion.     Several 


slots  are  cut  in  the  outer  surface  of  the  portion  C,  four  in  this 
particular  case,  and  the  depth  of  these  slots  varies  from  one  side 
to  the  other,  being  deeper  on  the  right-hand  side  of  each  slot 
when  the  slot  is  in  its  uppermost  position. 

Boilers  are  placed  in  these  slots  as  shown  at  B  with  their  axis 
parallel  to  the  axis  of  rotation  of  the  clutch — that  is,  the  rollers 
are  parallel  to  the  shaft  E — and  they  are  held  away  from  the 
deeper  side  of  the  slot  by  a  suitable  plunger,  C,  and  spring,  D.  The 
diameter  of  these  rollers  is  a  iittle  greater  than  the  depth  of  tha 
slots  on  their  shallow  side,  and  as  a  result  the  springs  cannot 
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force  tha  rollers  completely  over  against  the   side  of  the  slots. 
When  the  outer  ring  R  of  the  clutch  ia  rotated  in  the  direction,  of 
the  arrow  A  the  rollers  will  lie  wedged  between   the  inner  sur- 
face of  the  ring  'R  and  the  bottom  of  the  slots.    With  the  rollers 
thus  wedged  tightly  between   the   two   parts  of   the   clutch,  the 
inner  part  G  will  bo  rotated  in  the  same  direction  and  at  the 
same  speed  as  the  outer  portion  B,  and  power  maj  be  transmitted 
from  B  to  C,  which  in  turn  taay  be  connected  through  gears,  chain 
or  direct,  to  the  crankshaft  of  the  engine.    In  this  particular 
case  the  inner  portion  of 
the  clutch  is  keyed  to  the 
shaft  E. 

Just  as  soon  as  the 
starting  motor  starts  to 
revolve  the  pinion  F  the 
outer  portion  of  the  clutch 
will  start  to  revolve,  and 
the  locking  action  just  de- 
scribed will  take  place  be- 
tween the  two  parts  E  and 
C  almost  instantly,  which 
results  in  the  cranking  ac- 
tion taking  place  at  once. 
The  cranking  action  of 
the  motor  will  continue 
until  the  engine  starts  to 
Gre,  when  its  speed  will  in- 
Ftg.  18T — The  dOHble  overrunnlBif  roller  crease  This  results  in 
tuB0  dutch  uied  bB  the  Northeast  com-        ,,  ,     » .,      - 

pa„^  the  speed  of  the  inner  por- 

tion of  the  el  tch  d 

ing  the  speed  of  the  outer  portion,  and  the  two  parts  nig  will 
be  locked  together,  as  the  rollers  then  will  tend  to  II  nt  the 
deeper  part  of  the  slots,  due  to  the  fact  that  the  piece  C  s  t  a  ling 
faster  than  the  inner  surface  of  the  piece  E,  and  the  1  ect  n  ri 
which  the  rollers  turn  about  their  own  axis  will  be  just  th  e 

of  what  it  was  when  the  piece  E  tended  to  turn  faster  than  the 
piece  C.  The  starting  motor  is  now  running  idle  and  may  be  stopped 
without  interfering  in  anj  way  with  the  operation  of  the  engine. 

In   some   eases   a    donble   overrunning   clutch   is   employed   as 
shown  4'agrammatically  in  Fig.  197.    With  a  double  combination 
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of  this  kind  the  machina  may  be  operated  at  one  speed  when 
acting  as  a  motor  and  driving  the  engine  and  at  another  speed 
when  it  is  being  driven  bj  the  engine  and  acting  as  a  generator. 

Ovemmiung  Ratchet-and-P«wl  Clutch 

The  operation  o£  the  overrunning  ratchet -and -pawl  type  of 
cluteh  may  be  understood  easily  by  reference  to  Fig.  198.  Four 
pawls  are  attached  to  a  plate,  which  in  turn  is  fastened  to  the 
crankshaft  or  shaft  that  is  to  be  driven.  These  four  pawls  engage 
teeth  cut  in  the  inner  periphery  of  a  ring  which  is  the  driving 
portion  of  the  clutch.  One,  or  perhaps  two,  of  the  pawls  will  be 
engaged  with  the  teeth  when  the  engine  is  at  rest,  due  to  the  action 


Fiff.    198 — The    operation    of    the    overrunning 

ratchet  and  pair)  type  of  clutch  i$  explained  ifi 

reference  to  thii  dnni>ing 

of  their  counterweights.  The  two  pawls  marked  A  and  B  are 
engt^ed  at  the  position  shown  in  Fig.  198.  Power  is  transmitted 
from  the  starting  motor  through  the  outer  portion,  or  ring,  ti> 
the  plate  on  which  the  pawls  are  mounted  as  long  as  any  one  of 
the  pawls  is  engaged  with  the  teeth.  Just  as  soon,  however,  as 
the  speed  of  the  plate  exceeds  that  of  the  ring  the  pawla  are  dls- 
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engaged  and  held  Away  from  the  teeth  by  the  centrifugal  force 
acting  on  their  couaterwetght.  To  prevent  the  pawls  from  sud- 
denly re-engaging  when  the  engine  eomes  to  a  stop  and  rocks 
back  and  forth,  a  second  set  of  pawls  U  provided,  and  they  are 
shows  at  E,  F,  G  and  H  iu  the  figure.  When  the  clutch  is  in~ 
operative  or  idle  all  this  second  set  of  four  pawla  fall  into  their 
lowest  portion.  Just  as  aoon  as  the  plate  on  which  they  are 
mounted  rotatea  thej  are  thrown  out  to  a  radial  pOBttion,  as 
shown  by  the  position  of  the  one  marked  H,    If  the  plate  happens 


to  start  to  revolve  in  the  oppoette  direction,  the  inertia  of  the 
four  smaller  pawls  throws  them  into  the  position  shown  by  the 
one  marked  0,  which  prevents  the  main  pawls  engaging  the 
teeth.  When  the  plate  on  which  the  pawls  are  mounted  comes 
to  a  complete  stop  at  least  one  of  the  main  pawls  will  fall  into 
a  correct  position  for  starting. 

Friction  Clotdi 

The  Hartford  starting  motor  is  connected  to  the  engine  by  a 
friction  clutch  and  worm-and-worm  gear  as  shown  in  Fig.  199. 
When  the  starting  switch  pedal  is  depressed  tbe  electrical  con- 
nection between  the  motor  and  battery  is  completed,  and  at  the 
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eame  time  a  strong  pull  is  proflucefl  on  the  lever  attached  to  tbe 
end  of  the  rod  P,  which  transmita  a  strong  pull  on  tbe  friction 
clutch  mounted  in  the  flywheel  of  the  motor  and  thuB  eonnecta 
the  motor  to  the  engine. 

Non-Automatic  Pinion  Shift 

The  fundamental  principle  of  the  nan-automatic  pinion  sbift 
ia  ehown  in  Fig.  200.  When  tbe  switch  rod  is  moved  to  the  start- 
ing position  it  operates  the  switch  and  connects  the  motor  to 
tbe  battery  and  at  the  same  time  causes  the  sliding  pinion  to  be- 
come engaged  with  tbe  gear  on  tbe  flywbeeL  The  overrunning 
clutch  mounted  in  the  intermediate  gears  prevents  the  engine  from 
running  the  starting  motor  at  an  excessive  speed.  Just  as  soon 
aa  the  switch  rod  ia  restored  to  its  normal  position  both  tba  ntart- 


Lng  switch  and  sliding  pinion  are  restored  to  their  normal  poai- 

Anotlier   good   ci:ample    of    tbe   non-automatic   pinion   shift   is 
found  In  certain  inatallationa  of  the  Westinghouse  Electric  A  Mfg. 
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Co.,  shown  diagrammatically  in  Fig.  201.  In  the  non-automatic 
mechanical  pinion  shift  of  the  Westinghouse  company,  a  starting 
pedal  is  mounted  on  the  foot-board,  or  a  lever  is  mounted  con- 
veniently for  hand  operation.  The  operation  of  the  system  thus 
controlled  can  best  be  understood  by  reference  to  Fig.  201.  The 
contact-making  part  of  the  switch  is  shown  in  this  diagram 
mounted  on  the  gear-shift  rod. 

At  A  is  the  ''off''  position  of  the  shift  pinion  and  switch  con- 
tactor.    Pressure  on  the  starting  lever  moves  the  shift  rod  first 


I'I'I 


df/^Tlt^  PEDAL 


A 


BATTEKY 


5TARTiNG  PEDAL. 


I       BE' 
SWITCH    STRINi 


nWHEEL 


Fig,  201 — Weatinghouae  ayatem — A  givea  the  "off" 
position  of  the  shift  pinion  and  switch  contactor; 
in  B  the  motor  circuit  ia  closed  and  the  motor 

starts  at  low  speed 

to  the  position  shown  in  B,  closing  th-e  motor  circuit  at  P  and  Pi 
through  the  resistance  R;  this  starts  the  motor  at  low  speed. 
Further  motion  of  the  shift  rod  to  position  C  opens  the  electric 
circuit,  but  the  motor  and  pinion  continue  to  turn,  owing  to  their 
momentum.  When  the  position  C  is  reached,  the  pinion  still  is 
turning  slowly  so  that  it  cannot  fail  to  mesh  with  the  gear;  but 
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as  power  is  turned  off  the  motor^  there  is  no  difficulty  in  sliding 
the  teeth  into  full  engagement.  As  soon  as  the  teeth  do  engage, 
further  foot  pressure  on  the  starting  lever  shifts  the  rod  to  the 
position  shown  in  D,  closing  the  electric  circuit  at  Q  after  the 
pinion  and  gear  have  meshed  a  sufficient  distance  to  present  a  good 
bearing  length  on  the  teeth.  This  connects  the  motor  directly  to' 
the  storage  battery  so  that  full  power  is  impressed,  turns  over  the 
engine  until  the  starting  lever  is  released  or  the  engine  picks  up 
on  its  own  power.    There  is  an  over-running  clutch  between  the 


swmcimi 
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Fig,  201 — At  C  the  teeth  can  he  aUd  into  full  en- 
gagementj  after  which  the  motor  connects  directly 
with  the  storage  battery  and  the  engine  is  turned 

over,  D 


flywheel  pinion  and  the  mc'.or,  so  that  if  the  pedal  is  not  promptly 
released  when  the  eng.ne  picks  up,  the  motor  is  not  driven  by 
the  engine.  When  the  pressure  is  removed  from  the  starting  lever, 
the  shifting-rod  springs  return  all  parts  to  position  A.     This  re- 
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eomes  to  reat. 
The  pinion  is  meshed  with  the  gear  ( 


the   flj^wheel   in  the 


Fig.  202 — Bf/ur  ayatem — at  applied  to  the  1616  HupmoMIa 
— A,  out  oj  ocflon,  gtarllng  amitclt  off,  ptnton  aealnat  motor 
head;  B,  about  to  crank,  gears  have  meahed,  but  aiettch  ha* 

Uijur  Bjstem  as  applied  to  the  Hupp  motor  car  bj  pressing  the 
starting  pedal,  and  hj  a  fnrther. movement  the  starting  switch  is 
closed.    Four  stages  in  the  operation  of  starting  the  engine  are 
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shown  in  Fig.  202.    No  overrunning  clutch  of  any  kind  is  used  in 
this  particular  system,  and  f oi^  this  reason  the  motor  should  be 


C 


Fig.  202 — fO,  cranking,  note  cap  between  collar  on  shifting 
rod  and  clevis  pin — shifting  fork  is  against  stop,  and  shifter 
spring  is  compressed  slightly.  D,  about  to  crank,  when  gears 
are  not  meshed,  teeth  are  butting  but  switch  has  made  con- 
tact*   Shifter  spring  is  compressed  strongly,  ready  to  draw 

pinion  into  mesh 


disconnected  from  the  flywheel  just  as  soon  as  possible  after  the 
engine  starts  to  fire. 
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ElectromagnetiG  Pinion  Shift 

The  starting  motors  the  Westinghouse  Electric  &  Mfg.  Co.  used 
in  this  application  are  composed  of  three  principal  parts;  the  sta- 
tionary parts,  or  field;  the  rotating  parts,  or  armature  and  shaft; 
and  the  shifting  magnet.  The  armature  is  mounted  on  a  hollow 
shaft;  on  the  end  of  this  shaft  is  mounted  a  splined  pinion  which 
drives  the  engine  flywheel.  The  pinion  is  made  to  slide  along  the 
shaft  by  a  shifting  rod  which  is  attached  to  the  pinion  and  passes 
through  the  hollow  shaft.  The  other  end  of  this  shifting  rod  acts 
as  the  core  of  the  shifting  magnet.  When  the  motor  is  not  re- 
volving, a  return  spring  holds  the  pinion  at  the  end  of  the  shaft 
and  clear  of  the  flywheel  gear. 

As  shown  diagrammatically  in  Fig.  203,  when  the  starting 
switch  is  closed  a  circuit  is  complete  from  the  negative  terminal 
of  the  battery  through  the  switch,  the  shifting  magnet,  the  arma- 

^^Tmm  MOTCR 


BATTERV 


^PLYVWffEEL 
5TARTIN(?  SWITCH 


Fig.  203 — Here  the  closing  of  the  starting  stoitch  com- 
pletes a  circuit  between  the  terminals  of  the  stoitch 


ture  and  the  series  field  of  the  motor  to  the  frame  of  the  car  and 
through  this  to  the  positive  terminal  of  the  battery.  The  motors 
used  in  this  application  are  of  the  series  type;  that  is,  the  field 
is  connected  in  series  with  the  armature  so  that  all  the  current 
flowing  through  the  one  also  flows  through  the  other.  One  of  the 
characteristics  of  this  kind  of  motor  is  that  the  amount  of  cur- 
rent flowing  through  it  is  proportional  to  the  amount  of  energy 
it  develops. 

When  the  starting  switch  is  closed,  current  flows  through  the 
circuit  as  noted  above,  causing  the  armature  and  shaft  and  the 
pinion  to  rotate.  The  motor  requires  a  high  current  at  the  instant 
it  starts  from  rest.    This  high  current,  through  the  shifting  mag- 
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net,  energizes  it  sufficiently  to  overcome  the  force  of  the  return 
spring  and  therefore  draws  the  shifting  rod  through  the  shaft, 
thus  sliding  the  pinion  into  mesh  with  the  gears  on  the  flywheel. 
The  teeth  on  the  flywheel  and  the  pinion  are  cut  diagonally  so 
that  they  mesh  very  easily.  As  soon  as  the  pinion  meshes  with 
the  flywheel  gear,  the  current  required  to  turn  the  engine  over 
is  enough  to  hold  the  pinion  in  mesh  until  the  engine  fires.  When 
the  engine  picks  up  it  soon  runs  at  higher  speed  than  that  of  the 
motor. 

When  the  engine  speeds  up  so  that  its  speed  approaches  the  no- 
load  speed  of  the  motor,  the  current  in  the  latter  falls  off  so  that 
the  pull  of  the  shifting  magnet  is  less  than  that  of  the  return 
spring,  which  therefore  throws  the  pinion  to  its  original  position 
clear  of  the  flywheel.  The  motor  will  continue  to  revolve,  without 
load,  however,  until  the  starting  switch  is  opened  or  released;  but 
the  pinion  remains  out  of  mesh,  because  the  current  required  to 
turn  over  the  motor  is  not  enough  to  energize  the  shifting  magnet 
sufficiently  to  pull  the  pinion  back  into  mesh  against  the  force 
of  the  return  spring. 


Bendix  Drive,  or  Automatic  Pinion  Shift 

The  Bendix  drive  consists  of  a  solid  or  hollow  shaft  having 
screw  threads  on  the  outside  and  a  hollow  gear  having  screw 
threads  on  the  inside,  so  that  the  gear  screws  on. the  shaft  like 
a  nut  on  a  bolt.  A  circular  weight  is  fastened  to  the  gear  and  is 
slightly  out  of  balance.  A  coil  spring  connects  the  electric  motor 
shaft  and  the  hollow  screw  shaft.  The  relation  of  these  various 
pkrts  is  shown  in  Fig.  204. 

When  the  electric  motor  starts,  it  drives  through  the  spring  and 
turns  the  screw  shaft.  Because  of  the  weight  the  gear  is  too  heavy 
to  turn  with  the  screw  shaft,  and  because  the  gear  does  not  turn 
it  must  move  along  the  screw  shaft,  just  the  same  as  if  you  turned 
a  bolt  having  a  nut  on  it  and  kept  holding  the  nut  with  your  fingers 
to  keep  it  from  turning  so  that  it  would  be  screwed  along  the  bolt. 
After  the  screw  gear  has  moved  along  the  screw  shaft  and  engages 
with  the  flywheel  gear,  it  then  keeps  on  moving  along  until  it  reaches 
the  stop  at  the  end  of  the  screw  shaft.  The  two  gears  then  are  fully 
meshed,  and  when  the  screw  gear  has  reached  the  stop  it  must  turn 
with  the  screw  shaft.  At  this  moment  the  screw  shaft  and  electric 
motor  are  revolving  at  a  great  speed,  and  this  great  blow  and  the 
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power  of  the  electric  motor  both  are  taken  through  the  coil  spring. 
The  spring  keeps  coiling  until  all  this  power  has  been  applied  to  the 
flywheel  gear  and  the  engine  starts  turning. 

As  soon  as  the  engine  starts  exploding  and  runs  under  its  own 
power,  the  flywheel  turns  much  faster  than  when  it  was  cranked 
by  the  starter.  Because  it  is  now  turning  so  much  faster  it  increases 
the  speed  of  the  screw  gear,  so  that  the  latter  runs  faster  than  the 
screw  shaft  on  which  it  is  mounted.  Therefore,  when  the  screw 
gear  runs  faster  than  the  screw  shaft,  it  is  screwed  on  the  threads  of 
the  shaft,  like  a  nut  on  a  bolt,  until  it  has  been  screwed  out  of  mesh 
with  the  flywheel  gear.  This  de-meshing  movement  is  entirely  auto- 
matic and  eliminates  the  use  of  an  over-running  clutch.  Now  that 
the  screw  gear  is  out  of  mesh,  it  is  natural  to  suppose  that  if  the 
electric  motor  keeps  running,  the  gear  automatically  will  be 
screwed  right  back  into  mesh  with  the  flywheel  gear.  But  the  un- 
balanced weight  on  the  screw  gear  now  performs  its  automatic 
function,  that  is,  being  slightly  out  of  balance,  the  weight  twists 
or  cocks  the  screw  gear  so  that  it  clutches  and  binds  on  the  screw 
shaft  and  turns  with  it.  This  automatic  clutching  is  due  to  the 
centrifugal  force  of  the  unbalanced  weight.  When  the  electric 
motor  stops  running  the  screw  gear  has  been  fully  screwed  away 
from  the  flywheel  gear,  and  it  remains  in  that  retarded  position 
until  it  is  required  to  start  the  engine. 

The  gear  on  the  screw  shaft  has  an  automatic  self -cleaning  action, 
but,  in  any  extreme  case,  should  the  gear  tend  to  stick  on  the  shaft, 
through  being  covered  with  mud,  it  may  be  necessary  to  clean  the 
screw. 

The  teeth  on  the  screw  gear  and  flywheel  are  chamfered,  or 
pointed,  on  only  one  side  to  make  the  meshing  natural  and  easy. 
However,  should  the  teeth  meet,  end  to  end,  the  screw  shaft  itself  is 
designed  to  move  backward  automatically  and  compress  the  coil 
spring.  This  gives  the  screw  gear  time  enough  to  turn  and  enter 
the  flywheel  gear.  Should  sticking  of  gears  ever  occur,  they  can 
be  released  by  throwing  in  the  clutch  and  moving  the  car.  Such 
trouble  would  be  due  to  incorrect  chamfering  or  inaccurate  align- 
ment of  the  gears.  Also  it  might  be  due  to  the  binding  of  the  drive 
parts  and  prevent  compressing  and  proper  functioning. 

If,  while  the  engine  is  running,  the  electric  motor  should  be 
started  accidentally,  the  screw  gear  will  screw  over  against  the 
turning  flywheel  gear.     But  instead  of  the  clashing  and  smashing 
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of  gears  that  might  be  expected  there  is  no  danger  whatever,  as  the 
gears  Bunply  touch  once.  Thia  is  because  the  flywheel  gear  will 
speed  up  the  screw  gear,  and  thus  automatically  screw  it  away. 
The  turning  screw  gear  will  then  automatically  clutch  and  bind  on 
the  screw  shaft,  in  exactly  the  same  manner  as  when  it  is  cranking 
and  has  been  de-meahed  when  the  engine  starts  exploding. 

Old  Botdi-Riuhmore  Electromagnetic  Drive 

The  atflrter  drive  used  on  the  old  Hnshmore  system,  which 
waa  acquired  by  the  Bosch  Magneto  Co.,  and  later  known  as  the 
Boach-Bushmore  syatem,  ia  a  feature  of  the  later  Bosch  products 


Fig.   205 — atctional  rfew  of  old  BOBCh-Ruahmore  atarler.     It  is 

«lfll  d  feature  of  Botch  prodact_»  iHit  haa  ieen  improved 

tlectdedly 

with  decided  improvements.  The  old  Rushmore  drive  ia  illuatrated 
and  described  herewith.  The  Bosch  improvements  viill  be  taken 
up  later. 

The  construction  of  the  Bosch -Rushmore  motor  ia  such  that  the 
armature  can  be  ahifted  endwise  in  ita  bearings.  In  the  non- 
operating  position  the  armature  is  held  out  of  ita  electrical  center 
or,  in  other  words,  out  of  line  with  the  pole  shoes,  by  a  spiral  spring 
in  the  commutator  end  of  the  armature  shaft;  therefore,  when  in 
the  normal  position,  the  pinion  on  the  driving  shaft  of  the  starting 
motor  is  out  of  mesh  with  the  gear  ring  on  the  flywheel  of  the 
engine.    A  sectional  view  of  the  motor  is  shown  in  Fig.  205. 

The  motor  is  provided  regularly  with  three  terminals,  two  of 
which  are  heavier,  or  of  larger  diameter,  than  the  other.  The  two 
heavier  terminals  are  for  the  main  circuit,  and  the  single  small 
terminal  is  for  the  shunt  circuit. 
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During  the  first  part  of  the  downward  movement  of  the  switch 
pedal  an  electrical  circuit  is  established,  which  causes  the  current 
from  the  battery  to  pass  through  the  switch  shunt.  The  amount  of 
current  that  can  flow  is  limited  by  the  resistance  of  the  circuit,  but 
of  the  current  which  passes  through  the  switch  shunt  a  small  portion 
is  allowed  to  flow  through  the  motor  armature,  while  the  greater 
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Fig,  206 — Electrical  circuit  of  Bosch  system 
tcith  svAtch  pedal  in  first  part  of 
•  dovmicard  movement 

portion  flows  through  the.  motor  field  coi^s,  forming  thereof  a  strong 
electromagnet.  See  diagrams  of  electrical  circuits  as  given  in  Figs. 
206  and  207.  The  result  is  a  powerful  attraction  between  the  field 
coils  and  the  armature,  causing  the  latter  to  be  drawn  endwise 
into  the  magnetic  center  of  the  motor  or,  in  other  words,  into  its 
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Fig.  207 — Here  the  switch  pedal  has  com- 
pleted the  dotcnwnrd  movement  and  the 
engine  turns  over 


working  position  between  the  pole  shoes.  The  passing  of  the  small 
current  through  the  armature  causes  the  armature  to  rotate  slowly, 
and  as  the  rotary  motion  occurs  simultaneously  with  the  shifting  of 
the  armature  endwise,  the  meshing  of  the  motor  pinion  with  the  gear 
ring  on  the  engine  flywheel  is  accomplished  quickly  and  positively. 
As  the  switch  pedal  reaches  its  limit  of  motion  the  flsw  of  battery 
current  through  the  switch  shunt,  as  well  as  that  through  the  shunt 
cable  to  the  field  coils,  is  interrupted,  and  a  straight  series  motor 
connection  is  established,  allowing  the  entire  current  to  pass  through 
the  motor  field  and  armature  windings  and  causing  the  engine  to 
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turn  over  until  it  starts  flring.  AlUiough  it  takes  time  to  explain 
this  series  of  actions,  the  entire  operation  takes  place  ea  rapidly 
that  the  impression  on  the  observer  is  that  the  motor  pinion  slips 
into  place  and  begins  turning  the  engine  flywheel  immediately  after 
the  starting  switdi  pedal  is  depressed. 

As  soon  as  the  engine  starts  the  starting  motor  is  relieved  of  its 
losd,  and  the  current  passing  through  it  drops  rapidly  in  volume, 


this  being  a  characteristic  of  series  motors.  In  consequence,  the 
strengtii  of  the  field  magnets  is  lessened  to  a  point  where  the  spiral 
spring  in  the  end  of  the  armature  shaft  overcoiaes  the  magnetic. 
attraction  holding  the  armature  and  returns  it  to  the  original,  or 
nouKiperating,  position.  It  is  this  action  that  automatically  and 
positively  throws  the  armature  shaft  pinion  out  of  mesh  with  the 
flywheel  gear  ring.     Thereafter,  until  the  starting  switch  is  released. 


any  current  which  continues  to  pass  through  the  armature  merely 
will  cause  the  latter  to  revolve  freely  but  without  mesliing  with  the 
flywheel,  due  to  the  fact  that  the  amount  of  current  ntilized  when 
the  motor  is  running  free  is  not  sufficient  to  overcome  the  tension  of 
the  spiral  spring.  The  non-operating  position  of  the  armature  is 
shown  in  Fig.  208  and  the  operating  position  in  Fig.  209. 
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Direct  Application  of  Starting  Motor 

The  combined  motor  and  generator  used  in  the  eystem  manufac- 
tured by  the  United  States  Light  &  Heating  Co.  diSere  from  anj 
of  the  other  BjstemB  which  are  designed  primacilf  for  starting  and 
lighting  B^stems  in  that  the  device  is  incorporated  in  the  flTwheel 
bousing,  and  the  revolving  part  is  mounted  directl;  on  the  end  of 
the  engine  crank  shaft  without  any  reduction  gears  or  chtdns  of  any 


kind.  The  component  parts  of  the  system  are  shown  in  Fig.  210. 
A  section  through  an  assembled  system  is  shown  in  Fig,  211,  in 
which  the  parts  shown  in  shaded  areas  are  to  be  furnished  by  the 
U.  8,  L,  company  and  parts  shown  in  white,  or  section,  are  to  be 
furnished  by  the  manufacturer  of  the  car.  The  field  is  of  the  mul- 
tipolar construction  and  it  is  held  rigidly  in  position  by  bolts  in  the 
front  o£  the  flywheel  compartment.     The  armature,  or  rotor,  ia 
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mounted  on  a  special  flange  fastened  to  the  back  end  of  the  engine 
crankshaft,  and  it  revolves  outside  the  field  structure.  In  some 
t,>7)es  of  U.  S.  L.  systems  the  armature  revolves  inside  the  field 
structure. 


Back-Kick  Releases 

The  object  of  a  back-kick  release  is  to  take  care  of  any  excessive 
strain  which  may  be  put  on  the  device  used  in  connecting  the  motor 
to  the  engine.  If  the  spark  lever  be  too  far  advanced,  there  will 
be  a  premature  explosion,  which  will  tend  to  rotate  the  motor  in 
the  opposite  direction  to  that  in  which  it  is  running  and  thus  subject 
the  connecting  device  to  a  very  severe  strain.  The  power  of  the 
motor  is  ample  to  overcome  this  strain  in  the  majority  of  cases,  and 
the  connecting  devices  are  designed  with  this  abnormal  condition  in 
mind,  and  as  a  result  the  necessity  of  any  special  device  is  not  nearly 
60  great  as  it  might  at  first  appear. 

A  device  used  by  the  Northeast  company  consists  of  a  friction 
clutch  which  is  held  in  contact  by  springs.  This  clutch  will  not  slip 
under  ordinary  and  reasonable  loads,  but  should  the  load  become 
unusually  excessive  it  will  slip  and  thus  protect  the  remainder  of 
the  connecting  equipment  between  the  motor  and  the  generator. 

A  friction  clutch  is  used  on  the  Hartford  starter  on  account  of 
the  irreversible  worm-and-worm  gear  drive  used,  as  the  teeth  of  the 
gear  would  more  than  likely  be  damaged  in  case  the  engine  back- 
fired. 

A  brake  band  is  sometimes  used  in  combination  with  the  starting 
gears,  and  this  band  is  held  tight,  in  such  a  manner  that  it  holds 
and  transmits  power  in  one  direction  only. 


Location  of  Starting  Motors 

A  number  of  different  possible  locations  of  the  starting  motor 
with  reference  to  the  engine  and  transmission  are  shown  in  Fig.  212. 

The  shaft  of  the  motor,  as  shown  at  1,  is  at  right  angles  to 
the  crankshaft  of  the  engine  and  usually  is  connected  to  the 
crankshaft  by  a  worm-and-worm  gear  alone  or  a  worm-and-worm 
gear  in  combination  with  a  second  gear  or  chain.     An  example  of 
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the  location  of  the  motor  in  whicli  the  connection  ia  by  &  worm- 
and-vrorm  gear  was  shown  in  Fig.  199, 

The  motor  may  be  located  alongside  the  engine  aa  shown  at  Z 
in  Fig.  212  and  connected  to  the  crankshaft  by  gears  or  a  chain 
or  perhaps  a  combination  of  the  two.  An  example  of  this  loca- 
tion of  the  motor  in  which  the  connection  is  made  by  a  thain  ia 
shown  in  Fig.  213.  Installation  of  a  double-deck  arrangement  of 
motor  and  generator  in  the  Saxon  four  ia  shown  in  Fig.  214. 

The  starting  motor  may  be  mounted  in  front  of  the  flywheel 
as  shown  at  4  in  Fig.  212  or  it  may  be  located  behind  the  fly- 
wheel aa  shown  at  5  in  the  same  figure.  In  the  majority  of  cases 
the  connection  is  direct  between  the  pinion  on  the  motor  and  a 
gear  cut  in  the  surface  of  the  flywheel  or  in  a  collar  which  is 
mounted  on  the  rim  of  the  flywheel.  In  some  cases  a  chain  or 
gear  reduction   is  introduced  between   the   motor  shaft  and   the 


gear  on  the  flvwheel  The  pinion  on  the  driving  shaft  may  be 
made  to  engage  the  gear  on  the  flywheel  by  any  one  of  the  several 
methods  previously  described.  The  installation  of  the  Bijur  sys- 
tem on  the  Packard  is  shown  in  Fig.  215. 

The  appluation  of  the  Bosch  flywheel  starter  to  the  Marmon  is 
shown  in  Fig  216  The  pinion  in  this  system  is  made  to  mesh 
with  the  gear  on  the  flvwheel  by  moving  the  shaft  on  which  the 
pinion  is  mounted  endwise.  This  movement  is  produced  by  the 
magnetic  pull  of  the  field  of  the  motor  on  its  armature  which  is 
normally  off  center  with  respect  to  the  field  as  shown  in  section 
in  Fig    205 

The  installation  of  a  Westinghouse  starting  motor  on  the 
Chalmers  six  is  shown  in  Fig.  217.  The  motor  in  this  installation 
IS  mounted  on  the  gear  ease  and  a  bearing  is  provided  in  the  fly-. 
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wheel  case  for  the  end  of  the  shaft  on  which  the  pinion  ia  mounted. 

A  representative  starting  motor  as  made  by  the  Delco  com- 
pan?  for  direct  flywheel  drive  is  shown  In  Fig.  218. 

The  method  of  connecting  the  motor,  shown  at  6  In  Fig.  212, 
ia  decidedly  different  from  any  of  the  other  methoda  thua  far 
described  in  that  it  is  connected  to  the  transmiasion  ahaft,  and 
power  is  transmitted  ^rom  the  motor  to  the  engine  through  the 
friction  clutch  in  the  flywheel.     An  Installation  of  this  kind  is 


Fig. 
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>tor  mode 
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the  Di/ie'o    company    to    the 
engine 

FronAlin 

found  on  the  Eeo  car,  it  being  manufactured  by  the  Hemy  com- 
pany. 

The  only  example  of  the  motor  installation  shown  at  7  in  Fig. 
212  in  which  the  electrical  unit  is  installed  for  starting  and  gen- 
erating purposes  alone  is  that  of  the  U.  S.  L.  system.  An  example 
of  the  complete  installation  of  this  system  is  shown  in  Fig.  219. 

PurpoM  of  Genoratw  Drive 

The  function  of  the  generator  is  to  provide  a  suitable  means  of 
charging  the  storage  battery  while  it  is  installed  on  the  motor 
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FUi.  ZIB — Inttallation  of  BIjur  >i»tem  on  the  Packard 
car,   thus   keeping    the    batteiy   practically    completely    charged 
at  all  times  so  that  an  ample  supply  of  energy  is  always  available 
for  operating  the  starting  motor,  lamps,  born  and  other  electrical 
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devices  which  maj  be  installed  □riginall7  on  the  car.  In  no  case 
should  additional  electrical  equipment  ba  installed  upon  any  car 
unleaa  }>ou  are  reasonably  snre  the  capacit7  of  the  storage  bat- 
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terj  is  ample  to  take  care  of  the  additional  load  and  at  the  aame 
time  the  capacity  of  the  generator  is  sufficient  to  keep  the  battery 
charged  under  aormal  operating  conditions. 

The  generator  wiU  not  start  to  charge  the  storage  b&tterj  nutU 
the  electrical  pressure  generated  in  its  armatore  is  greater  In 
value  than  the  electrical  pressure  of  the  battery.  The  electrical 
pressure  generated  in  the  armatOTa  winding  of  the  generator 
depends  on  the  speed  at  which  the  generator  is  driven,  and  it 
will  vary  directly  as  the  speed  at  which  the  armature  is  revolved 
if  all  the  other  quantities  on  which  the  pressure  depends,  Buch 
as  the  strength  of  the  magnetic  field  of  the  machine,  etc.,  remain 


constant  in  value.  It  is  obvious,  since  the  electrical  pressure  In 
the  armature  of  the  generator  depends  oa  the  speed,  that  the 
battery  would  discharge  back  through  the  generator,  if  they 
were  permanently  connected  together,  when  the  speed  of  the 
generator  happened  to  be  of  such  a  value  that  the  electrical 
pressure  of  the  generator  was  less  than  the  pressure  of  the 
battery.  The  function  of  the  cutout  is  to  provide  a  means  of 
disconnecting  the  battery  from  the  generator  when  the  battery 
starts  to  discharge  back  through  the  generator,    As  explained  in. 
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one  of  tbe  prevtoua  chapters,  theae  cutouts  asaume  several  different 
forms,  some  being  operated  electrically  and  some  hj  iiand. 

In  order  tbat  the  electrical  preaaure  in  the  armature  winding  of 
tbe  generator  maj  increase  in  value  as  tbe  engine  speeds  ap  and 
tbe  generator  starts  charging  the  battery,  it  is  necessary  that 
some  mechanical  connection  be  established  between  the  crank- 
shaft of  the  engine  and  the  armature  shaft  of  the  generator.  Tbe 
requirements  of  this  connection  are  quite  different  from  those 
imposed  on  the  mechanical  connection  between  the  starting  motor 


and  tbe  cranhshaft  of  the  engine.  First  of  all,  the  torque  re- 
quired to  drive  the  generator  when  it  is  delivering  its  rated  or 
normal  full  load  will  be  nothing  like  as  great  as  the  torque  the 
starting  motor  must  develop  when  it  is  turning  the  engine  over 
in  starting;  hence,  the  mechanical  strains  to  which  tbe  generator 
eonneetions  are  subjected  will  aa  a  rule  be  lesa  than  thoae  im- 
posed on  the  motor  connections.  Second,  the  deaign  and  opera- 
tion of  the  motor  connection  in  the  majority  of  cases  must  be 
Huch  that  the  motor  will  be  disconnected  from  the  engine  crank- 
shaft when  the  engine  starts  to  lire  either  automatically  or  by 
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some  manual  means.  No  such  requirements  need  be  met  in  the 
case  of  the  generator  eonnection,  and  thej  are  connected  in  almost 
every  case  permanently  to  the  crankshaft  of  the  engine.  In  some 
cases,  such  as  in  the  instaUation  of  the  Delco  dynamotor,  a  double 
mechanical  connection  is  provided,  but  its  coostruction  is  such 
that  only  one  connection  is  operative  at  any  one  time  as  will  be 
explained  later.    Third,  the  ratio  between  the  speed  of  the  gen- 


Fig.  220 — eecUonal  vieio  of  one  form  of  Qray  d  Davie 
Iriction  drive,  perpendicutar  to  armature  shaft 

erator  shaft  and  the  crankshaft  of  the  engine,  except  in  the  case 
of  dynamotors  with  a  single  drive,  is  quite  different  from  the 
ratio  between  the  speed  of  the  motor  shaft  and  the  crankshaft 
of  the  engine.  This  difference  is  due  chiefly  to  the  fact  that  the 
generator  will  be  connected  to  the  engine  all  the  time  and,  of 
course,  will  have  to  operate  under  a  wider  total  variation  in  engine 
speed  than  the  starting  motor. 

If  the  same  relation  between  engine  and  generator  speed  were 
provided  as  in  the  case  of  the  motor,  the  speed  of  the  generator 
would  exceed  the  allowable  limit,  and  it  would  be  almost  impos- 
sible to  construct  an  armature  and  commutator  that  would  with- 
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stand  continuously  the  enormoua  centrifugal  forces  that  Wonld 
exist  at  these  verj  high  speeds.  la  the  connection  of  a  dynamotor 
to  the  engine  hy  a  single  drive,  the  gear  ratio  will  have  to  be 
lower  than  the  maiimum  ratio  with  a  double  drive  to  keep  the 
maximum  speed  down.  Fourth,  in  some  cases  the  ignition  dis- 
tributor ia  combined  with  the  generator  and  driven  through  a 
gear  connection  from  the  generator  shaft.  In  such  eases  it  is 
absolutely  imperative  that  the  position  of  the  distributor  arm  in 


relation  to  the  proper  firing  order  of  the  various  cylinders  remain 
flxed  at  all  times,  and  in  such  cases  it  is  obvious  that  the  coH' 
nectton  between  the  generator  and  the  engine  must  be  very 
definite. 

Generator  connections  may  be  divided  into  the  following  main 
groups  and  a  brief  description  of  one  or  more  typical  examples 
of  each  kind  will  be  given: 

Friction  drive. 

Belt  drive. 

Chain  drive. 

Gear  drive. 

Mounted  directly  on  engine  shaft. 

Friction  Drive  for  Generator 

A  sectional  view  of  the  friction  drive  as  used  by  Qray  &  Davis 
on  their  types  £  and  0-1  generators  is  shown  in  Fig.  220,  and 
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a  aectiouaJ  view  parallel  to  the  shaft  of  the  generator  is  showa  in 
Fig.  221.  The  cup-shaped  piece  of  metal  marked  1  in  both  figures 
is  connected  to  the  end  of  the  driving  shaft.  Two  friction  ahoes, 
marked  3,  are  connected  mechanically  to  the  end  of  the  generator 
shaft,  BO  that  thej  may  move  in  or  out  along  pina  in  the  end  of 


the  shaft,  and  are  held  ag^nat  the  inaide  surface  of  the  cup  1  b; 
coiled  Bpringa,  2,  which  are  under  eompreBaioa.  Two  weights, 
marked  4,  are  connected  mechanically  by  four  links  to  the  fric- 
tion shoes.  These  weights  may  move  perpendicularlj  to  the  shaft 
along  pins  fastened  to  the  shaft  which  enter  holes  in  the  weights. 
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Aa  the  apeed  of  the  driving  shaft  increases,  the  centrifugal  force 
acting  on  the  weights  increases,  and  this  action  tends  to  draw 
the  two  friction  clutches  away  from  the  inside  surface  of  the 


eight 

cup  and  thus  disconnect  the  generator  shaft  from  the  driving 
shaft  In  the  majority  of  cases,  when  the  generator  is  driven, 
the  speed  uf  the  generator  shaft  at  which  the  disconnection 
actually  takes  plaie  will  depend  on  the  adju<itment  of  the  two 
coil  springs  holding  the  weights  against  the  inside  of  the  cup 
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Tliese  BpriugB  may  be  adjusted  .by  inserting  a  small  screw  driver 
in  the  opening  5.  When  the  maximum  current  output  of  the  gen- 
erator ia  to  be  increased,  which  amounts  to  increasing  the  speed 
at  which  the  generator  shaft  is  connected  from  the  driving  shaft, 


the  screw  in  the  opening  5  should  be  turned  to  the  right.  The 
governor  is  very  sensitive,  and  only  a  slight  movement  of  this 
adjusting  Bcrfew  is  necessary  to  produce  a  decided  difference  in 
the  output  of  the  generator.  Just  as  soon  as  the  speed  of  the 
generator  deereases  a  slight  amount  after  the  friction  shoes  are 
raised  from  contact  with  the  inside  surface  of  the  cup,  the  cen- 
trifugal force  acting  on  the  weights  wiU  decrease,  and  the  springs 
will  shove  the  shoes  out  against  the  cup  and  again  e 
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mechanical  connection,  between  the  generator  and  tbe  driving 
shaft.  The  total  variation  in  the  speed  of  the  generator,  when 
the  speed  of  the  driving  shaft  eieeeds  the  speed  for  which  the 
generator  ia  adjusted,  does  not  amount  to  very  much,  and  as  a 
result  the  electrical  pressure  generated  in  the  armature  winding 
will  rise  to  a.  certain  maximum  value  and  then  remain  practically 
constant  for  all  higher  engine  apeeda. 

The  small  projections  around  the  outer  surface  of  the  cup  1 
produce  a  fan-like  action  which  causes  a  circulation  of  air  through 


its  temperature  lower  than 

Belt  Drive  for  Generator 

The  generator  may  be  driven  by  a  small  belt  whii^  runs  over 
a  small  pulley  connected  directly  on  the  engine  shaft,  or  the 
pulley  may  be  connected  to  the  pump  or  timing  gear  shaft.  In 
some  cases  the  belt  used  in  operating  the  cooling  fan  for  the  engine 
is  increased  in  length  and  made  to  travel  around  a  small  pulley 
mounted  on  the  end  of  the  generator  shaft.  Care  must  be  exer- 
cised in  this,  particular  type  of  drive  to  be  sure  that  the  belt  is 
always  tight  enough  to  prevent  an  undue  amount  of  alipping. 
Some  apeeial  meana  usually  is  provided  for  taking  up  a  reasonable 
amount  of  alack  in  the  belt  by  moving  one  of  the  pulleys  over 
which  the  belt  runs  or  providing  an  idle  pulley  whose  position 
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may  be  elianged  as  conditions  demand.    An  example  of  a  belt 
drive  is  shown  in  Fig.  222,  which  depicts  a  belt-driven  generator 

aa  installed  on  a  Ferro  eight-cylinder  engine. 

Chain  Drive  for  Charging  Generator 

The  chain  drive  baa  several  advantages  not  possessed  by  the 
belt  drive,  and  some  of  tbe  more  important  ones  are  as  follows:    A 


positive  connection  between  the  generator  and  the  engine  at  all 
times;  no  stretching  and  hence  no  special  attention  la  necessary 
to  keep  it  in  adjustment;  it  may  be  Inclosed  and  thus  better  pro- 
tected and  at  the  same  time  easily  lubricated.  Such  a  drive  is 
tbe  short  chain  at  the  left  of  Fig.  223,  which  is  a  Colonial  eight. 
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All  chain  drives,  however,  are  not  inclosed,  especially  the  earlier 
iaatallationg.  An  example  of  a  chain  drive  in  which  the  chain 
is  exposed  is  shown  ia  Fig.  224,  which  depicts  a  Splitdorf-Apeleo 
dyaamotor  as  originally  installed  on  a  Ford  car. 

Gear  Drive  for  Charging  Generator* 

The  gear  drive  provides,  as  in  the  cose  of  the  chain  drive,  a 
positive  connection  between  the  generator  and  the  engine  crank- 
shaft.    In  the  majoritj'  of  cases,  when  the  generator  is  driven 


by  gears,  use  is  made  of  the  timing  or  pump  gears  and  the  gen- 
erator directly  connected  to  the  end  of  a  shaft  on  which  these 
gears  are  mounted  or  to  one  of  the  shafts  through  a  gear  mounted 
on  the  generator  shaft.  The  instsUation  of  a  gear-driven  gen- 
erator on  a  new  engine  design  is  shown  in  Fig.  225.  The  small 
gear  at  the  bottom  is  on  the  generator  drive  shaft. 

Motnted  Directly  on  Engine  Shaft 

The  best  example  of  this  particular  type  of  installatioa  is  tuat 
of  the  U.SX.  system  in  which  the  generator  and  motor  are  com- 
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bined  in  a  single  unit  and  mounted  in   the   fly-wheel   housing  in 
place  of  the  flywheel  itself. 


Combined  Generator  and  Motor  Drives 

The  generator  and  motor  drives  may  be  one  and  the  same  drive. 
In  some  cases  there  are  two  drives  between  the  dynamotor  and 
the  engine,  the  gear  ratio  of  the  two  being  different.  One  of  these 
drives  will  transmit  power  from  the  dynamotor  to  the  engine  while 
the  armature  of  the  dynamotor  tends  to  run,  due  to  a  motor  action, 
ahead  of  the  engine  and  is  used  in  starting  the  engine.  The  other 
drive  will  transmit  power  from  the  engine  to  the  dynamotor  when 
the  engine  tends  to  run  ahead  of  the  armature  of  the  dynamotor. 
In  some  cases  a  part  of  the  connection  will  be  used  in  transmitting 
power  from  the  armature  of  the  dynamotor  and  also  in  transmitting 
power  in  the  opposite  direction.  In  such  a  case  an  intermediate 
gear  or  sprocket  is  connected  to  the  shaft  of  the  dynamotor  through 
a  double  roller  clutch  a  part  of  which  will  drive  in  one  direction 
and  the  other  part  in  the  opposite  direction.  An  example  of  this 
type  is  shown  in  Fig.  226,  which  shows  the  gearing  of  the  Gray  & 
Davis  double  unit  outfit  for  the  Ford.  The  armatures  are  connected 
by  a  large  gear  and  Bendix  pinion.  The  latter  becomes  inoperative 
when  the  motor  circuit  is  opened.  A  similar  installation  in  which 
the  primary  drive  is  by  chain  is  the  Heinze  equipment  for  Fords 
illustrated  in  Fig.  227. 

Gear  Housings 

Gear  housings  are  of  numerous,  different  forms,  ranging  from 
a  very  open  or  exposed  type  to  the  completely  inclosed  type.  In 
some  cases  this  housing  is  provided  by  the  engine  manufacturer 
with  the  definite  requirements  of  a  particular  starting  and  lighting 
system  in  mind,  and  in  such  cases  the  completed  installation  has  a 
very  compact  and  finished  appearance.  In  other  cases  the  gear 
housings  are  provided  by  the  manufacturer  of  the  electrical  equip- 
ment and  so  designed  that  they  may  be  readily  mounted  on  the 
engine.  No  general  rule  is  followed  in  this  connection,  which 
results  in  a  very  wide  variation  in  the  appearance  and  construction 
of  the  various  different  systems.  An  example  of  an  inclosed  type 
cf  motor,  or  generator,  gear  housing  is  shown  in  Fig.  228. 
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OeM  Reductioiu 

There  are  quite  a  nuinber  of  difFereat  metliods  of  bringing 
about  the  proper  speed  relation  between  the  motor  aad  generator 
and  the  engine.  This  may  be  accomplished  bj  a  belt,  bj  chain 
alone  or  in  combination  with  gears,  by  a  worm-and-worm  gear, 
by  the  ordinary  spur  gear,  by  a  planetary  gear,  etc. 

A  gear  reduction  in  which  the  gearing  is  supplied  by  the  manu- 
facturer of  the  electrical  equipment  ia  shown  in  Fig.  229. 

The  gear  reduction  shown  in  Fig.  230  is  used  by  the  Westing- 
bouse  Electrical  &  Mfg.  Co.  The  small  pinion  on  the  end  of  the 
armature  shaft  meshes  with  three  Bears  mounted  on  studs  carried 


on  a  plate,  which  in  turn  is  mounted  on  a  shaft  extending  through 
the  end  of  the  motor  housing.  The  three  gears  also  mesh  with 
teeth  cut  on  the  inside  surface  of  the  motor  housing  as  shown  in 
the  figure.  When  the  pinion  on  the  end  of  the  motor  shaft  rotates 
it  eausee  the  three  gears  to  rotate  and  thoy  in  turn  travel  around 
the  inside  of  the  motor  housing,  carrying  the  plate  on  which  they 
are  mounted  with  them,  and  hence  the  shaft  extending  through  the 
motor  housing  will  rotate,  but  at  a  much  lower  speed  than  the 
ahaft  of  the  motor. 
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A  somewhat  ^milar  construction  to  the  preceding  is  employed 
by  the  Wagner  company,  a.nd  an  exploded  view  of  their  connection 
ia  shown  in  Fig.  2'il.  The  construction  of  this  device  is  such  that 
power  ia  transmitted  from  the  starting  motor  to  the  engine 
through  the  planetary  gears  when  a  brake  band  controlled  by  a 
lever  on  top  of  the  starting  holds  the  gear  bousing  stationary. 
The  complete  device  is  shown  in  Fig.  232.  When  the  gear  hous- 
ing is  free  to  turn  and  the  engine  speeds  up  the  armature  of  the 
dynamotor  is  driven  by  the  overmnaiug  roller  clutch.     This  com- 


bination allows  the  armature  to  operate  at  a  higher  speed  in  re- 
lation to  the  engine  speed  when  the  djnamotor  is  acting  as  a  motor 
than  it  does  when  the  dynamotor  is  being  driven  by  the  engine  or 
when  the  dynamotor  is  acting  as  a  generator  would  operate. 

Starting,  Lighting  and  Ignition 

The  complete  elettrical  equipment  of  the  modern  motor  car 
ordinarily  includes  the  three  functions,  starting,  lighting  and 
ignition.  To  consider  the  equipment  as  a  whole,  all  three  func- 
tions must  be  taken  into  consideration,  though  in  a  great  many  in- 
stallations the  ignition  function  either  is  quite  separate  or  nearly 
so  from  the  other  two  functions. 

Relation  Between  Ftnctions 

The  equipment  by  which  the  starting,  lighting  and  ignition  func- 
tions are  maintained  is  arranged  in  different  ways,  and  it  is  on 
the  arrangements  that  the  first  general  classification  of  all  systems 
is  based,  and  the  design  of  the  different  unitf  depends  on  which 
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of  the  arrangements  ia  emplojed.  The  electrical  equipment  which 
performs  the  ignition,  lighting  and  starting  of  the  motor  car  con- 
sists of  the  following  main  pieces  of  apparatus: 

First,  for  the  ignition  there  must  be  a  source  of  electrical 
energy,  either  a  storage  battery,  dry  battery,  the  familiar  type  of 
magneto  generator  or  a  generator  which  la  not  of  the  magneto 
type.  In  addition  there  must  be  means  for  transforming  the  low 
voltage  current  into  a  high  voltage  or  high  tension  current  and 
other  means  for  distributing  the  current  to  the  proper  spark  plug 
at  the  proper  time. 

Second,  for  lighting  there  must  be  a  source  of  energy,  such 
as  a  storage  battery,  which  may  be  used   in  operating  the  lamps 


J  (he  engine 

and  signalling  apparatus,  and  a  generator  which  is  equipped  with 
the  proper  regulating  devices  and  cutout  so  as  to  keep  the  battery 
fully  charged. 

Third,  for  starting  the  engine  there  must  be  au  ele«tric  motor 
connected  mechanically  to  the  gasoline  engine  and  connected 
electrically   to   the    storage   battery   through    the    proper    switches 
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BO  tbat  the  batterj  will  produce  an  electric  current  in  the  wind- 
ings of  the  motor,  causing  its  armature  to  revolve  with  sufBeient 
force  to  turn  the  engine  crankehaft  over  at  the  desired  speed  for 
starting.  The  battery  producing  the  current  to  the  windings 
of  the  motor  must,  of  course,  be  charged  in  order  that  the  battery 
be  ready  to  meet  any  reasonable  demands  of  the  starting  motor. 
It  is  evident  that  the  equipment  required  in  performing  any  one 
of  tlie  above  three  functions  need  not  be  entirely  independent 
of  the  equipment  required  in  either  or  both  of  the  other  two. 
For  example,  the  same  storage  battery  and  charging  generator 
whieli  supply  energy  for  lighting  the  car  may  be  used  in  produc- 
ing current  in  the  winding  of  the  starting  motor  and,  in  many 
instances,  for  the  ignition.  Also,  it  has  been  found  that  other 
combinations  of  the  equipment   required   in   performing  the  above 


three   functions  may  be  made  for  the  sake  of  lightness  and  sim- 
plicity. 

There  are,  however,  three  fundamental  parts  to  each  system, 
no  matter  how  the  equipment  required  for  these  various  functions 
may  be  interrelated,  the  ignition  device,  the  charging  generator 
and  the  starting  motor.  The  manner  in  which  these  fundamental 
parts  are  related  affords  a  means  of  classifying  all  starting,  light- 
ing and  ignition  systems  into  three  classes — three-unit  systems, 
two-nnit  systems  and  single-unit  systems. 
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Difference  in  Name* 

Man7  manufacturers  of  these  Sfstems  disregard  the  ignition 
feature  in  the  nomenclature  of  their  apparatus  so  far  as  the  types 
of  systems  are  concerned.  Thus,  they  consider  only  two  systems, 
the  single-unit  and  the  two-unit.  Ilhe  former  comprises  the  type 
in  which  generator  and  motor  are  combined  and  the  latter  the 
type  in  which  the  generator  and  motor  are  separate.  The  ignition 
may  or  may  not  be  separate  and  does  not  affect  their  nomenclature. 
Since  the  ignition  is  a  part  of  the  electrical  equipment  frequently 
used   in   combination    with   the   generator,   the   division   into   one-. 

Fig.  Z.f:!— (7rI1«  of  Iht  three  ti/»temt 


Thrct-unltj  a  motor,  a  trcnrralar  and  i0nfNan 

two-  and  three-unit  types  is  considered  the  more  logical.     The  units 
of  the  three  systems  are  illustrated  in  Fig.  233. 

Three-Unit  Systems 

The  three-unit  system  is  one  in  which  the  starting  motor,  the 
charging  generator  and  the  ignition  device  arc  separate  machines, 
their  only  interconnections  being  to  the  common  storage  battery, 
though  in  some  systems  of  ignition,  where  magneto  alone  is  used, 
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the  igaltion  has  no  comiectiDii  at  all  with  the  other  electrical 
equipment.  Tbe  component  parts  of  a  three-unit  sjstem  in  which 
the  starting  motor,  generator  and  magneto  are  distinct  is  shown 
in  Fig.  234.  The  illustration  explains  how  the  unita  receive  power 
from,  or  deliver  power  to,  the  crankshaft  of  the  engine. 

Two-Unit  Systems 

Two-unit  ByBt«mB  are  those  in  which  any  two  of  the  three  func- 
tions are  taken  care  of  bf  a  single  machine,  leaving  the  remaining 
unit  to  take  care  of  the  third  function.     The  generator  which  sup- 


Fig.    234 — Typlcat    arrangemeiit    three-unit    aygtem,    ahoiEing    the 

mechanieal  and   electrical  connections  of  the  separate   unit),  the 

cranking  motor,  lighting  generator  and  ignition  magneto 

plies  current  to  the  batterj  may  be  fitted  with  an  induction  coil, 
contact  breaker  and  distributor,  so  that  it  performs  all  of  the  func- 
tions of  the  ignition  magneto  and  at  tbe  same  time  charges  the 
storage  battery.  This  leaves  the  cranking  to  be  taken  care  of  by 
a  separate  motor.  Pig.  235  ahowa  how  the  charging  generator 
and  ignition  equipment  are  combined  in  a,  single  unit,  the  starting 
motor  being  entirely  separate,  with  the  exception  of  its  electrical 
connection  to  the  same  storage  battery  as  the  combined  generator- 
ignition  unit.  Fig.  236  illustrates  another  design  of  this  com- 
bination. 

In  some  types  of  two-unit  systems  the  starting  motor  and  the 
generator  are   combined  as  a  single  nnit,  leaving  the  second   unit 


810         ELEX^TRICAL  EQUIPMENT  OF  THE  MOTOR  CAB. 


Fig.  235^0ne  tinfl  0/  a  two-Knit  ag»tem. 
This  {*  a  comMtied  lighting  and  Ignition 
generator,  lite  cranting  apparatus  being 
separate.  The  dlttrlbuter  is  driven  by  a 
tnorm  and  vertical  shaft 


t  austcm  similar  lo  Fig.   235  except  that  the 


to  take  care  of  the  ignition.  The  ignition  taaj  be  taken  e&ie  of 
by  a  magneto,  in  wliicli  caae  the  ignition  ia  entirely  independent 
of    tlie   motor   and   generator    functions,   or   the   ignition   tna;   be 
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taken  c&re  of  bj  an  indnotion  coil  whicli  draws  current  from  the 
Bame  storage  batterj  used  in  combination  with  the  generator  and 

In  two-unit  B;st«mB  the  generator  and  motor  are  combined  in 
a  single  unit  in  a  number  of  different  ways.  Instead  of  having  two 
separate  machines,  they  may  be  combined  in  the  same  frame,  but 
each  have  a  distinct  field  and  armature  of  its  own.    An  example  of 


a  combination  of  motor  and  generator  in  the  same  frame  is  shown 
in  Fig.  237.  In  reality  this  combination  is  in  itself  a  two-unit 
system,  as  the  generator  and  motor  actions  are  entirely  inde- 
pendent of  each  other.  The  type  of  construction  shown  in 
Fig.  237  is  called  the  double-deck  arrangement. 

Another  method  of  combining  the  generator  and  motor  actions 
is  to  provide  two  separate  windings  on  the  armature  of  the  same 
mactiine,  one  winding  being  the  generator  vrinding  and  the  other 


312  ■       ELECTRICAL  EQUIPMENT  OF  THE  MOTOR  CAE 

the  motor  winding.  This  combination  of  motor  and  generator 
in  a  single  machine  is  called  a  djnamotor — sometimes,  motor- 
generator.  Each  of  the  armature  windings  is  provided  with  a 
separate  commutator  and  brushes.  A  machine  of  this  kind  is 
shown  diagrammattcall)'  in  Fig.  23S,  both  commutators  in  this 
particular   case   being   on  the   same  end   of  the   armature.     When 


Fia   2.tS — Appllcallon  of  a  dunnmotor  in  a  lico-unlt  system.     It 
h<ia  two  separate  iclndlnfjs  ' 

operating  as  a  motor  the  machines  usually  drive  through  a  gear 
on  the  flywheel,  intermediate  gear,  or  by  silent  chain  t«  the  crank- 
shaft. When  operating  as  a  generator,  the  machine  is  usually 
djivcn  by  the  timing  gears  or  by  means  of  a  silent  chain. 

Single-Unit  System 

Single -unit,   or    unit,   systems   are   those   in   which   the   starting, 
lighting  and  ignition  are  all  taken  car^  of  by  the  same  machine. 
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ThU  consists  of  a  djnamotor  whicli  baa  a  contact  breaker,  induc- 
tion eoil  and  distributor  fitted  to  its  generator  end.  A  complete 
Hjstem  of  this  kind  is  shown  dlagrammatically  in  Fig.  239. 

Geii«^  Clauification  of  Syttenu 

There   are    three    general    systems   employed   for   wiring    a   car, 


Fig.  239— Tj/pfcal  single,  or  one-unit,  >i,»tem 


Fig.   240— Singh 


grounded   return,   lyatem 
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I!   followi;      The   single   wire   or   pounded   return,    the   two-n 
ind  the  three-wire  Byatem,  reBpectivelj. 
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igle-wire    or    grounded-return    system    the    vaTious 
uits   are   completed   bj   using   the   frame   of   the   car 


Fig.  243 — Three-iBite  syatem,  one  oj  loftfcft  ulrea  i»  knvuin  oh  (fie 
neutral 

as  a  part  of  the  circuit,  as  shown  diagrammatically  in  Fig.  240. 
A  pictorial  diagram  of  an  actual  installation  of  this  kind  is  shown 
in  Fig.  211.  This  is  a  Bemy  installation  on  an  Oakland  Model  32 
car.  Great  care  should  be  exercised  in  making  the  electrical 
connection  to  the  frame  of  the  car  to  see  that  it  is  as  perfect 
as  possible  and  not  likely  to  work  loose  or  be  affected  by  eorro- 
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sion  due  to  moisture  or  acid  fumes.  In  some  systems  the  positive 
terminal  of  the  battery  is  grounded,  while  in  others  it  is  the  nega- 
tive terminal. 

In  the  two-wire  system  both  sides  of  the  electrical  circuit  are 
insulated  from  the  frame  of  the  car  and  the  electrical  circuits  are 
completed  by  wires.     Such  a  system  is  shown  in  Fig.  242. 

The  three-wire  system  consists  of  three  wires,  one  known  as  the 
neutral  and  arranged  as  shown  diagrammatically  in  Fig.  243.  The 
middle,  or  neutral,  wire  divides  the  battery  into  two  parts,  and 
the  lamps  and  other  electrical  equipment  may  be  connected  between 
either  of  the  outside  wires  and  the  neutral  or  between  the  outside 
wires.    When  the  lamps  are  connected  as  shown  in  Fig.  243,  if  the 


Fig.  244 — Simms-Huff  system,  which  is  a  multiple-voltage  system 
in  which  the  two  battery  sections  are  connected  in  series 

fuse  blows  on  one  side  the  lamps  on  the  other  side  still  remain 
lighted.  A  good  example  of  an  installation  of  this  kind  is  found 
in  certain  types  of  the  U.  S.  L.  systems.  In  these  installations 
the  connections  of  the  starting  switch  are  such  that  the  two  sec- 
tions of  the  battery  are  in  parallel  when  operating  the  starting 
motor  and  in  series  the  remainder  of  the  time.  All  the  lamps  are 
in  parallel  and  connected  to  the  two  batteries  in  parallel  when  the 
starting  motor  is  being  operated. 
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Operating  Voltage 

Starting,  lighting  and  ignition  systems  may  be  classified  accord- 
ing to  the  value  of  the  operating  voltage  into  two  main  groups  as 
follows:     Single  voltage  systems  and  multiple  voltage  systems. 


Single- Voltage  Systems 

A  single-voltage  system,  as  its  name  indicates,  is  a  system  em- 
ploying a  single  voltage  for  all  the  electrical  operations.  The  value 
cf  this  voltage,  as  used  at  the  present  time,  is  in  the  great  majority 
cf  cases  either  6  volts  or  a  multiple  of  6  volts,  such  as  12,  18,  etc. 
The  selection  of  the  value  of  6  as  a  unit  is  due  to  the  voltage 
required  in  operating  the  old  battery  ignition  systems,  when  dry 
cells  were  used  and  the  three  storage  cells  seemed  to  give  very 
satisfactory  results  when  used  to  replace  the  dry  cells.  The  ad- 
vancement made  in  the  last  few  years  in  the  manufacture  of 
efficient  low-voltage  charging  generators  and  motors  has  done  a 
great  deal  toward  making  these  lower  voltages  standard  rather 
than  the  higher  values  as  originally  used.  The  filaments  of  the  lower 
voltage  lamps  are  more  rugged  than  those  of  the  higher-voltage 
ones  of  the  same  candle j>ower,  which  is  in  favor  of  the  use  of  the 
lower-voltage  system.  The  losses  in  the  lower-voltage  systems 
are  apt  to  be  quite  a  bit  greater  than  in  the  higher-voltage  systems, 
due  to  the  fact  that  a  higher  current  will  be  required  for  a  given 
power  unless  a  larger  size  wire  and  larger  switch  contact  areas 
be  employed. 


Multiple- Voltage  Systems 

Multiple  voltage  systems  are  those  employing  more  than  one 
voltage.  In  systems  of  this  kind  two  voltages  are  usually  em- 
ployed, one  for  charging  the  battery  and  then  a  higher  voltage 
for  operating  the  starting  motor.  In  such  systems  the  battery 
usually  is  split  into  two  sections.  These  two  sections  normally 
are  connected  in  parallel,  and  the  voltage  of  the  charging  gen- 
erator is  such  that  the  battery  may  be  charged  while  connected 
in   this  way.     A   change   in   connections  usually   is  made   at  the 
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starting  switch  when  the  starting  motor  is  to  be  operated,  which 
results  in  the  two  sections  of  the  battery  being  connected  in 
series,  and  the  voltage  applied  to  the  starting  motor  is  that  of 
the  two  sections  combined.  A  good  example  of  a  system  of  this 
kind  is  found  in  the  Simms-Huff  system,  as  shown  in  Fig.  244. 
I'he  connections  are  shown  diagrammatically  in  Figs.  245  and  246 
for  the  charging  and  starting  position  of  the  starting  switch. 
In  this  system  the  generator  and  motor  actions  are  combined  in 
a  single  machine. 

In  some  of  the  earlier  forms  of  Delco  equipment  the  battery 
was  composed  of  twelve  cells,  which  were  connected  in  four  groups 
of  three  cells  each.  These  groups  were  connected  in  parallel  while 
charging  and  in  series  for  operating  the  starting  motor  by  quite 
a  complicated  switch.  These  switches  were  mounted  on  the  end 
of  the  battery  box  proper  and  alongside  an  ampere-hour  meter. 


CHAPTER  XVIII 

Switches  and  Protective  Devices 

THE  purpose  of  a  switch  in  any  electrical  circuit  is  to  provide 
a  means  of  controlling  the  operation  of  the  circuit  by 
opening  and  closing  or  completing  the  circuit  just  as  a  valve  in 
a  hydraulic  circuit  or  pipe  affords  a  means  of  opening  and  clos- 
ing the.  circuit  of  which  the  pipe  is  a  part.  Electrical  switches 
assume    many    different    forms    and    sizes,    depending    upon    the 


Fig.   245 — 'The  charging  position   of  the  starting   switchj  showing 

the  connections  at  that  position 


snum 
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Fig.  246 — The  starting  position  of  the  starting,  switch,  showing  the 

connections  at  that  position 

service  for  which  they  are  designed  primarily,  which  places  cer- 
tain requirements  upon  the  switch  in  order  that  it  operate  suc- 
cessfully. Thus,  a  switch  that  is  to  carry  a  heavy  current  must 
be  constructed  with  large  contact  surfaces  in  order  that  the  resist- 
ance of  these  contacts  be  low;  the  surfaces  of  the  materials  which 
come  into  contact  with  each  other  must  be  smooth  and  should  be 
in  actual  contact  over  as  large  an  area  as  possible;  the  opera- 
tion of  the  switch  should  be  as  positive  as  possible,  and  all  con- 
necting terminals  and  parts  should  be  of  ample  size  to  meet  th© 
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ordinarj'    requirementB    to    be    imposed    on    the    switch     nhen     in 
actual  service. 

In  a  great  many  cages  certain  parts  of  tlie  switch  are  made  up 
of  a  number  of  thin  pieces  of  copper  instead  of  one  single  heavy 
piece.  This  construction  gives  much  better  contact  and  also  a 
surer  contact  in  the  majority  of  cases,  A  svritch  of  this  Idnd 
is  said  to  be  laminated.  The  selection  of  the  material  to  be  used 
at  the  breaking  points  of  the  svtitch  will  depend  upon  how  severe 
an  arc  is  likely  to  form  and  the  probable  destruction  or  damage 
resulting  from   such  an   arc.     The   breaking   contacts   are  in  some 


cases  made  of  carbon,  but  in  the  great  majority  of  cases  metal 
is  used.  Switches  that  are  to  carry  a  small  current,  such  as  those 
ordinarOy  found  in  the  lighting  circuits  of  a  motor  car,  are  much 
smaller  and  require  smaller  contacts  and  smaller  parts  as  a 
whole;  but  their  operation  should  be  quite  positive  to  reduce 
the  tendency  for  arcs  to  form  at  the  points  of  contact  when  these 
contacts  are  being  made  and  broken  in  the  operation  of  the  switch. 
If  a  switch  is  to  be  used  in  a  high  pressure  circuit,  such  as  the 
secondary  circuit  of  an  induction  or  ignition  coil,  it  must  be  con- 
structed in  such  a  manner  and  of  such  materials  that  it  easily 
will  stand  the  electrical  pressure  to  which  it  will  be  subjected  un- 
der all  ordinary  working  conditions.  The  construction  of  any 
switch  is  influenced  greatly  by  the  location  in  which  it  is  to  be 
mounted  and  the  manner  to  be  employed  in  operating  the  switch. 
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Quite  often  a  switch  is  used  to  change  the  connection  of  the 
various  elements  of  a  circuit  rather  than  to  serve  aa  a  means 
merel}'  of  opening  and  closing  the  circuit.  A  good  example  of 
this  requirement,  as  imposed  upon  a  switch,  is  found  in  those  ajs- 
terns  where  the  connections  of  the  various  sections  of  the  batter; 
are  changed  frotii  a  multiple  connection  while  the  batteries  are 
being  charged  to  a  series  connection  when  the  batteries  are  being 
used  in  operating  the  starting  motor.  In  some  cases  a  switch  is 
introduced  into  a  i^cuit  merely  for  the  purpose  of  reversing  the 


connections  of  a  certain  part  of  the  circuit  with  reference  to  some 
other  part.  Thus,  in  certain  ignition  systems  we  find  what  com- 
monly is  called  a  polarity  switch,  its  purpose  being  to  reverse  the 
connections  of  the  interrupter  points  with  respect  to  the  battery 
or  generator  in  order  that  the  wasting  away  of  the  two  interrupter 
points  may  he  equalized.  If  the  direction  of  the  current  through 
an  interrupter  remains  unchanged  in  direction,  there  wilt  be 
quite  a  difEerence  in  the  degree  to  which  the  two  contact  points 
are  worn  away.  The  metal  naturally  tends  to  travel  in  the  direc- 
tion of  the  current,  and  as  a  result  there  is  a  much  greater  wasting 
away   of  the   positive   contact  than   there  is   of  the   negative   con- 
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Fig.  249— Here  1«  o  common  form  of  (Jic  elngte-pole  blade  iwUch 


Fig.  250— /nfertor  metJiun.sm  n/  two-pote  snap  «i 
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tact.     An  inspection  of  a  set  of  contacts  that  have  been  in  service 
for  some  time  will  convince  ;ou  of  this  fact. 

Single  and  Multipole  Switches 

A  Bingle-pole  awiteh  is  one  in  which  provision  ia  made  for  open- 
ing the  electrical  circuit  in  vrhich  the  switch  is  connected  at  one 
point  only.  An  example  of  &  snitch  of  this  kind  is  shown  diagram- 
niatieally  in  Fig.  247.  The  positive  terminal  of  the  battery  ia 
grounded  in  this  case,  and  the  starting  motor  and  its  series  field 
winding   are   connected   permanently  in   series   to   the   positive   or 


grounded  terminal  of  the  battery.  The  starting  switch  ia  intro- 
duced in  the  lead  connecting  the  negative  terminal  of  the  battery 
and  one  terminal  of  the  armature  of  the  starting  motor.  The 
lighting  switches  in  this  figure  are  also  single-pole,  and  their 
connections  are  very  similar  to'  those  of  the  starting  switch. 
Current  for  the  lights  flows  through  the  series  field  of  the  genera- 
tor and  serves  to  raise  its  voltage,  which  increases  its  output  the 
required  amount  to  take  care  of  the  lamps  when  they  are 
turned  on. 

A  two-pole  switch  is  one  provided  with  two  sets  of  contacts. 
Two -pole  switches  may  be  so  connected  that  one  set  of  contacts 
ia  introduced  in  one  circuit  and  the  renmining  set  in  another  cir- 
cuit,   which   really   ajnounts   to   two   single-pole   switches   mechan- 
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icallj  connected  together,  and  both  circuits  are  operated  at  the 
same  time.  In  the  great  majority  of  cases,  however,  the  two 
sets  of  contacts  of  a.  two-pole  Bwiteh  are  introduced  in  the  some 
circuit,  one  set  being  introduced  in  one  side  of  the  line  and  re 
maining  set  in  the  opposite  side  of  the  line.  A  good  example  of 
a  two-pole   switch  is  sfaowu   diagramniatieall;   in   Fig.   24S,  which 


represents    the    connections    of    the    rotating    starting    BWitch    on 
the  1913  Hajnes  car. 

Multipole  switches  are  those  having  more  than  a  single  set  of 
contacts.  A  very  good  example  of  a  multipole  switch  is  found 
in  early  models  of  the  Delco  systems,  in  which  the  switch  was 
used  for  connecting  four  sections  of  a  storage  battery  in  parallel 
for  charging  and  in  series  for  operating  the  starting  motor. 
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Kinds  of  Switches 

A  blade  switch  is  one  in  which  the  connection  is  completed  by 
a  metal  blade  which  may  be  caused  to  move  _into  contact  with  the 
side  of  a  metal  jaw  or  between  two  metal  jaws.  A  common  form 
of  single-pole  blade  switch  is  shown  in  Fig.  249. 

A  snap  switch  is  one  in  which  the  opening  and  closing  o2  the 
electrical   circuit,   or    circuits,    which    the    switch   is    to    control   is 


Fig.  253 — Exploded  view  of  drum  stoitch  used  hy 
Wagner  Electric  Co. 


performed  by  a  snap  action  in  the  switch.  This  snap  action  is 
produced  by  a  coil  spring  which  winds  up  as  the  handle  of  the 
switch  is  turned.  After  a  certain  movement  of  the  handle  the 
spring  is  released  and  allowed  to  cause  the  contacting  mechanism 
of  the  switch  to  rotate  through  a  fractional  part  of  a  revolution. 
This  rotation  of  the  contacting  mechanism  is  performed  in  a  very 
short  time,  thus  reducing  the  tendency  for  electric  arcs  to  form  at 
the  points  of  make  and  break.  An  example  of  a  snap  switch  is 
shown  in  Fig.  250,  in  which  the  switch  cover  is  removed  partially 
so  that  the  interior  is  somewhat  exposed  to  view. 

A  plug  switch  is  one  in  which  the  switching  action  is  performed 
by  moving  a  plunger  in  or  out  of  an  opening  in  the  top  of  the 
switch  cover.     This  plunger  may  be  made  of  metal  or  insulating 
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material,  an^  if  made  of  metal  it  may 
form  patt  of  the  electrical  c  if  cult 
when  the  awiteh  is  closed,  though  not 
alwaya.  The  plug  itself  may  be  ao 
constructed  that  it  can  be  removed  and 
the  switch  made  inoperative  until  the 
plug  again  is  inserted.  Plug  switches 
usually  ate  confined  to  the  operation 
of  ignition  and  lighting  circuits. 

A  rotating,  or  drum,  switch,  is  one 
in  which  the  switching  operation  ia 
accomplished  by  a  rotating  member. 
Two  good  examples  of  switches  of  this 
kind  are  shown  in  Figa.  251  and  252. 
The  switch  shown  in  Fig.  S52  is  one 
used  by  the  Leece-Neville  Co.  in  the 
starting  motor  circuit  shown  diagram- 
matically  in  Fig.  249.  The  switch 
shown  in  Fig  252  is  made  by  the  Wag- 
ner Electric  Mfg.  Co.  An  exploded  view  of  this  switch  is  shown 
in  Pig  253, 

The  switching  operation  in  the  case  of  a  sliding  switch  is  accom- 
plished by  moving  a.  set  of  contacts  so  they  complete  a  circuit  be- 
tween fixed  contacts.  A  double-pole  switch  of  this  kind  is  shown 
ill  Fig.  254,  in  which  the  figures  3  represent  the  movable  contacts 


Fig.  255 — Example  of 
thrust  tppn  of  nioltch  in 
Which  an  end  ar  thrust 

uptration 
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and  the  figures  2  represent  the  stationary  contacts.  The  switch  is 
in  the  open  position  as  shown  in  the  figure,  and  the  movable  con- 
tacts are  controlled  by  the  shifting  rod  1. 

In  certain  types  of  switches,  which  might  be  called  thrust 
switches,  the  switching  operation  is  performed  by  an  end  or  thrust 
movement  of  some  part  of  the  switch.  A  good  example  of  a 
switch  of  this  particular  type  is  shown  in  Fig.  255,  and  its  opera- 
tion is  quite  simple.  The  switch  normally  is  held  open  by  the 
coiled  spring,  but  when  sufficient  pressure  is  brought  to  bear  on 
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Fig.  256 — Diagram  of  brush  switch  used  in  the 

Delco  systems 

the  button  or  pedal,  the  contacts  may  be  brought  into  contact 
with  each  other  and  will  remain  in  contact  until  the  pressure  on 
the  pedal  is  removed.  The  action  of  the  spring  then  will  open 
the  switch. 

A  brush  switch  is  one  in  which  the  switching  operation  is  per- 
formed by  raising  and  lowering  one  of  the  brushes  on  the  ma- 
chine. A  starting  switch  of  this  kind,  as  used  on  the  Delco  sys- 
tems, is  shown  in  Fig  256.  Depressing  the  starting  pedal  lowers 
the  motor  brush  and  at  the  same  time  makes  the  generator  end 
of  the  machine  inoperative  by  raising  one  of  the  generator 
brushes. 

A  grounded  switch  is  one  in  which  no  attempt  is  made  to  keep 
both  terminals  of  the  switch  insulated  from  the  frame  of  the  car, 
and  in  fact  one  terminal  is  connected  purposely  to  the  switch 
housing  or  car  frame.    A  switch  of  this  kind  is  shown  in  Fig.  257. 

An  insulated  switch  is  one  in  which  both  terminals  of  the  switch 
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are  insulated  from  the  switch  housing.     A  switch  of  this  kind  is 
shown  in  Fig.  258. 

Control  and  Location  of  Switches 

Switches  may  be  classified  conveniently  according  to  the  means 
employed  in  operating  them  into  the  following  groups: 

Manually  operated. 

Electrically  operated. 

Combined  manually  and  electrically  operated. 

In  the  case  of  the  manually-operated  switch  the  opening  or 
closing  of  the  switch^  or  perhaps  both  operations^  are  performed 
by  the  movement  of  a  lever,  pressing  a  button,  pulling  or  rotating 
a  handle,  etc.,  which  is  usually  within  easy  reach  of  the  driver  of 
the  car.  The  switch  itself  may  be  mounted  directly  with  the  con- 
trolling handle,  button  or  knob,  or  it  may  be  mounted  in  some 
more  advantageous  positions  so  far  as  the  electrical  circuit,  of 
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Fig.   257 — Grounded   atcitch.      One   terminal 
is  connected  to  the  switch  housing 


which  it  is  a  part,  is  concerned  and  the  operating  movement  trans- 
mitted to  it  by  suitable  mechanical  connections  such  as  rods, 
chains  and  levers.  It  is  especially  desirable  to  locate  the  starting 
switch  for  the  motor  in  such  a  position  that  the  connecting  leads 
to  and  from  the  switch  will  be  as  short  as  possible,  and  still  have 
the  switch  within  easy  reach  of  the  driver  when  he  is  in  the 
driver 's  seat. 

A   manually-operated   switch   which   is   operated   by   a  rod   is 
shown  in  Fig.  249.     The  gear-shifting  lever  in  this  case  is  used 
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in  imparting  the  necessary  motion  to  the  rod  controlling  the 
switch.  An  extra  position  is  provided  for  the  gear-shifting  lever, 
and  when  in  this  position  all  the  gears  are  out  of  mesh  and  the 
lever  is  connected  to  the  rod  E,  which  is  connected  by  the  second 
rod  or  link  L  to  the  lever  of  the  switch.  The  rod  B  serves  the 
double  purpose  of  operating  the  switch  and  meshing  the  motor 
pinion  G  with  the  teeth  on  the  edge  of  the  flywheel.  When  the 
pressure  is  removed  from  the  gear-shifting  lever  it  will  be  re- 
stored to  its  neutral  position,  due  to  the  action  of  the  spring  S. 
The  motor-starting  switch,  shown  in  Fig.  259,  is  intended  to  be 
mounted  directly  under  the  floor  board  in  front,  or  within  easy 
reach  of  the  driver,  and  the  button  is  mounted  on  the  upper  end 
of  a  rod  which  extends  through  a  hole  in  the  floor  board. 

In  the  case  of  an  electrically-operated  switch^  the  movements 
of  the  switch  are  controlled  by  electromagnets,  which  may  be 
energized  by  closing  a  small  switch  within  easy  reach  of  the 
driver.    This  small  switch  completes  the  circuit  from  the  storage 
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Fig.  258 — Insulated  stoitch.     Both  terminals 
are  insulated  from  the  suAtch  housing 

battery  through  the  winding  of  the  electromagnet.  The  principle 
of  a  switch  of  this  kind  is  shown  in  Fig.  260.  Closing  the  push 
button  switch  completes  the  circuit  from  the  grounded  side  of  the 
battery,  which  in  this  case  is  the  positive  terminal,  through  the 
winding  of  the  electromagnet  in  the  starting  switch  and  finally 
back  to  the  negative  terminal  of  the  battery. 

In  some  cases  the  manual  and  electrical  means  of  control  are 
combined.  A  very  good  example  of  a  switch  of  this  kind  is  found 
on  the  Overland  car.    In  this  particular  case  the  manual  operation 
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of  the  starting  switch  cannot  be  performed  unless  a  certain  elec- 
trical operation  has  been  performed  previously,  which  serves 
to  release  the  switch  and  permit  the  manual  operation. 

Fuses  and  Circuit  Breaker 

The  primary  object  of  a  fuse  is  to  provide  a  weak  spot  in  an 
electrical  circuit,  which  will  be  destroyed  when  the  current  the 
circuit  is  intended  to  carry  becomes  abnormal  and  thus  open  the 
circuit,  and  perhaps  prevent  serious  damage  to  valuable  equip- 
ment. The  ordinary  link  fuse  consists  of  a  piece  of  wire  made 
from  metal  having  a  relatively  low  melting  temperature.  This 
piece  of  wire  is  connected  in  series  with  the  circuit,  usually  by 
placing  its  two  ends  under  the  heads  of  two  flat-headed  screws. 


Fig.  259 — Starting  switch  to  he  mounted  directly  under  the 

floor  hoard  in  front 


These  screws  form  the  terminals  of  the  gap  in  the  electrical  circuit 
in  which  the  fuse  is  to  be  introduced.  A  typical  fuse  block  for 
link  fuses,  as  used  by  the  Eemy  company,  is  shown  in  Fig.  261. 

In  the  inclosed  type  of  fuse  the  fuse  wire  is  incased  in  a  glass 
oj  fiber  tube,  and  this  tube  is  provided  with  metal  ends,  as  shown 
in  Fig.  262.  Special  clips  are  provided  for  accommodating  fuses 
of  this  kind,  as  in  Fig.  263,  which  shows  several  of  them  mounted 
side  by  side. 

The  circuit  breaker  is  a  protective  device  which  serves  to  open 
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the  electrical  circuit  in   nhich  it  is  connected  without  destrojing 
&aj  part  of  the  device  itaelf,   thua  not  necessitating  any  replacc- 
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meuts.  The  operation  of  a 
circuit  breaker,  as  used  by 
the  Delco  company,  may 
be  explained  by  reference 
to  Pig.  264,  The  circuit 
breaker  winding  produces 
a  magnetic  pull  on  an 
armature  when  carrying  a 
current,  which  controls  a, 
set  of  contacts  in  the  main 
circuit.  If  the  current  in 
the  winding  of  tbe  circuit 
breaker  becomes  excessive, 
due  to  any  cause,  such  as 
a  ground  or  short  cir- 
cuit, the  armature  will  be 
drawn  toward  the  core  of 
the  electro -mag  net  and  the 
contacts  broken,  which  re- 
sults in  the  circuit  being 
opened.  Aa  soon,  however, 
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AB  the  circuit  is  opened  the  magnetic  action  on  the  armature  ceaaes 
and  it  returns  to  its  original  position,  thus  closing  the  circuit 
again.     This  cycle  of  operations  is  performed  quite  rapidly  and 


results  in  a  sound  quite  similar  to  that  of  an  ordinary  buzzer. 
Such  a  sound  is  an  indication  that  something  is  wrong  with  the 
system,  and  an  investigation  should  be  made. 


CHAPTER  XIX 

Electric  Lamps 

Lamp  Filaments 

TWO  kinds  of  material  are  used  in  the  construction  of  the  fil- 
aments for  motor  car  lights,  tungsten  and  carbon,  and  these 
filaments  are  placed  in  two  different  kinds  of  bulbs  or  globes, 
one  in  which  the  exhausted  air  is  not  replaced,  and  the  other  in 
which  the  exhausted  air  is  replaced  with  nitrogen  gas.     The  first 


Fig.  265 — Different  forms  of  filaments  of  electric  light 

hulha 

kind  of  bulb  is  called  the  vacuum  bulb,  and  the  second  is  called  a 
nitrogen  bulb. 

Tungsten  filaments  should  be  used  exclusively  because  of  their 
greater  efficiency,  as  compared  with  the  carbon  filament.  The  ex- 
treme tensile  strength  of  the  tungsten  wire  filaments,  which  is  sev- 
eral times  that  of  steel,  enables  these  filaments  to  withstand  with- 
out serious  injury  all  the  ordinary  jar  and  vibration  encountered 
in  service. 
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The  filaments  are  formed  into  several  quite  different  shapes,  aa 
shown  ia  Fig.  265.  The  filament  shown  at  A  ia  not  suitable  for 
motor  car  tights,  as  it  is  not  sufficiently  well  supported  t«  withstand 
the  extreme  amount  of  vibration  to  which  it  would  he  subjeeted. 
The  filament  shown  at  B  is  called  :the  loop  back  type  and  is  uaed 
ill  lamps  that  have  non-focusing  reflectors,  sut^  as  side  and  tail 


$  <^  t 


Fig   2t.T— rupieol  headllghU   eiie  hg'ita  and  tail  light  a> 
made  bu  n  eetinghaase 

lights  The  loop  is  anchored  m  the  middle,  which  tends  to  prevent 
vibration  and  henc  breaking  The  filaments  shown  at  <_<  and  D  are 
ii^ed  where  high  candlepower  is  required  and  exact  focusing  of  the 
lamp  in  the  reflector  is  desired  The  filament  shown  at  E  is  just  a 
straight  piece  of  tungsten  wire  which  is  connected  to  two  terminals 
mounted  in  the  ends  of  a  glass  tube  Several  complete  lamps  are 
shown  at  A,  B  and  C  m  Pig    266 
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of  Lamps  by  Base 

-There  are  four  main  types  of  bulb  bases,  omitting  some  special 
types  such  as  those  used  by  the  Bosch  company,  for  example.  Two 
of  these  four  main  types  are  of  the  familiar  screw  type  and  are 
seldom  used  except  in  interior  body  work,  while  the  other  two, 
called  the  bayonet  type,  are  in  quite  common  use  for  all  purposes. 
The  Edison  type  base  is  often  called  the  Ediswan  and  makes  use 
of  a  spring-locking  device  that  holds  the  bulb  firmly  in  place 
against  jarring  and  consequent  loosening.  The  base  for  this  type 
is  cylindrical  and  carries  two  small  projecting  pins  on  the  side 
and  directly  opposite  each  other.  The  socket  into  which  the  base 
fits  is  also  cylindrical  and  of  such  dimensions  as  to  make  a  rather 
loose  fit.  Two  slots  are  cut  along  the  sides  of  the  socket,  and  when 
the  bulb  base  is  placed  in  position,  the  projecting  pins  slide  into 
these  slots.  At  the  bottom  the  slots  end  in  a  small  upturned  notch 
so  that  the  pins  in  the  base  will  fit  into  the  notches  when  the  bulb 
is  given  a  part  of  a  turn.  In  the  bottom  of  the  socket  are  pins 
that  press  against  the  inner  end  of  the  base  and  keep  the  pins  in 
place  in  the  notches. 

One  kind  of  bayonet  base  is  provided  with  a  single  electrical 
contact  in  the  center  of  the  bottom  of  the  base,  this  contact  com- 
ing against  a  spring,  or  plunger,  in  the  socket  when  the  bulb  is  in 
place.  The  electrical  circuit  is  completed  through  this  contact  on 
one  side,  while  the  other  side  is  completed  through  the  metal  of 
the  outside  cylindrical  portion  of  the  base,  where  it  comes  in  con- 
tact with  the  metal  shell  of  the  socket.  This  type  of  base  is  called 
the  single-contact  type  and  was  designed  primarily  for  use  with 
the  one-wire,  or  grounded,  system  of  wiring,  in  which  the  shell 
of  the  socket  is  attached  to  the  frame  of  the  car  and  forms  part 
of  the  electrical  circuit  through  each  lamp.  A  set  of  single-contact 
lamps  is  shown  in  Fig.  267. 

Another  kind  of  bayonet  base  has  two  contact  points  on  the  bot- 
tom of  the  base,  both  being  insulated  from  the  metal  shell  and  each 
other.  The  circuit  is  completed  through  these  two  contacts,  and 
there  are  two  springs,  or  plungers,  in  the  socket  that  make  con- 
nection with  the  contacts  in  the  base  when  the  lamp  is  in  place. 
This  is  called  the  double-contact  type  of  base  and  is  used  with  the 
two-wire,  or  insulated  return,  method  of  wiring,  in  which  both 
sides  of  the  circuit  are  insulated  from  the  frame  or  metal  of  the 
car. 
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One  form  of  the  screw  type  of  base  is  called  the -candelabra  base, 
and  the  other  one,  which  is  of  smaller  form,  is  called  the  miniature 
base.  Their  construction  is  similar  to  those  used  on  lamps  for 
house  lighting,  except  they  are  both  smaller.  A  single  contact 
carried  in  the  center  of  the  bottom  of  the  base  makes  contact 
with  a  spring  in  the  center  of  the  bottom  of  the  shell.  The 
other  side  of  the  circuit  is  completed  through  the  shell  of  the  base 
and  a  thin  shell  inside  the  socket,  threads  being  formed  in  thes^ 
two  parts  so  that  the  lamp  will  screw  into  the  socket. 

The  filaments  of  all  the  lamps  are  so  designed  as  to  length  and 
diameter  that  they  will  take  a  practically  definite  current  from  a 
certain  voltage  source  of  electrical  energy.  If  the  lamps  be  oper- 
ated at  a  lower  voltage  than  that  for  which  they  are  designed^ 
there  will  not  be  sufi&cient  current  sent  through  them  to  heat  the 
filament  to  the  required  degree,  and  as  a  result  the  lamp  will  not 
burn  up  to  its  rated  candlepower.  On  the  other  hand,  if  they  be 
operated  on  a  lighter  voltage  circuit  than  they  are  designed  for, 
all  excessive  current  will  be  sent  through  the  filament,  which  will 
result  in  a  lighter  degree  of  heat  than  the  lamp  is  expected  to  take 
care  of,  and  as  a  result  there  will  be  a  reduction  in  the  useful 
life  of  the  lamp,  and  if  the  voltage  be  sufiiciently  high  the  lamp 
may  be  burnt  out  almost  instantly.  The  voltage  ratings,  of  course, 
correspond  to  the  voltages  of  the  circuits  on  which  the  lamps  are 
to  be  operated.  The  voltage  of  the  circuits  in  motor  car  work 
usually  is  taken  as  a  sixth  more  than  twice  the  number  of  cells 
ii^  the  battery.  Thus,  a  circuit  connected  to  three  cells  would 
require  7-volt  lamps,  one  connected  to  six  cells  would  require  14- 
volt  lamps,  etc. 

The  size  of  the  filament  depends  upon  the  current  the  lamp  is  to 
carry,  and  the  length  of  the  filament  depends  upon  the  voltage  the 
lamp  is  to  work  on.  Thus,  if  the  current  rating  of  two  lamps  is  the 
same,  and  they  are  designed  for  six  and  twelve  coils,  respectively, 
then  the  filament  in  the  12-volt  lamp  wiU  be  twice  as  long  as  the 
filament  in  the  6-volt  lamp,  etc.  If  the  current  ratings  were  in  the 
same  ratio  as  the  voltage  ratings,  then  the  filament  of  the  12-volt 
lamp  would  be  approximately  twice  the  area  and  twice  as  long 
as  the  filament  of  the  6-volt  lamp. 

The  watts  required  for  any  lamp  are  equal  to  the  product  of  its 
current  in  amperes  and  its  voltage  in  volts.  The  tungsten  filament 
lamps,    depending   on   the   candlepower,   require    from   .95   to    1.25 
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watta  per  candlepower,  while  the  carbon  filament  nill  require  ap- 
proziiucitel7  2.5  watts  per  candlepower.  The  foUowiag  is  a  list  of 
the  lights  as  need  bj  one  of  the  leading  companies: 

Lisbta  Candlepower     Amiwres  of  Bacb 

Headlights 16  2.5 

Side  lights   4  or  6  .84  to  1.25 

Tall  Ught 2  .42 

Speedometer  Ught    (when  used) 2  'A2 

Meter  light    (when  used) 2  .42 

Dome  light    (when  need) 2  or  4  AZ  or     .84 

Pillar  lights  (when  used) 4  .83 

All  the  ahove  aie  T-volt  lamps. 


Lanqi  Reflecton 

In  brief  the  object  of  a  reflector  is  to  provide  a  means  of  collect- 
ing the  raye  of  light  that  emanate  from  the  source  of  light  in 
cprtaitt  directions  and  re-direct  them  in  sueh  a  manner  that  the 
light  given  out  by  the  source  of  light  is  confined  to  b,  compara- 
tiTelf   small   part   of   the   space   surrounding   the   space   of   light. 
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The  earlier  forms  of  reflectors  were  in  the  majority  of  cases  of 
such  a  shape  that  they  did  not  intercept  a  very  large  portion  of 
the  light  rays  from  the  source  of  light  and  for  this  reason  were 
quite  inefl&cient.  The  construction  of  what  is  called  the  lens-mirror 
type  of  reflector  is  shown  in  Fig.  268.  This  shows  a  lamp  which 
originally  was  constructed  to  use  a  gas  burner  but  is  now  provided 
with  a  special  electric  light  attachment  which  may  be  moved  in 
or  out  of  position  as  conditions  may  demand.  In  this  particular 
case  only  the  rays  of  light  in  a  small  zone  back  of  the  bulb  are 
intercepted  by  the  reflector  and  re-directed  toward  the  front  of  the 
lamp.  The  reflectors  shown  in  Fig.  271  are  of  what  is  called  the 
parabolic  type.  The  advantage  of  this  type  of  reflector  is  that  it 
intercepts  a  very  large  proportion  of  the  rays  of  light  and  for  this 
reason  is  much  more  efl&cient  than  the  lens-mirror  type. 

The  proper  device  of  a  reflector  for  a  certain  lamp  depends  almost 
entirely  upon  the  use  that  is  to  be  made  of  the  lamp.  Thus  in  side 
and  tail  lamps  for  example  a  much  less  efi&cient  type  of  reflector 
may  be  used  than  in  head  and  spot  lights. 

Care  of  Lamp  Reflectors 

When  the  lamp  reflectors  become  dirty  or  tarnished  they  may 
be  cleaned  and  brightened,  although  the  surface  of  the  reflector 
will  be  somewhat  damaged  every  time  it  is  touched,  no  matter 
how  carefully  the  work  is  done.  Ordinary  dust  and  small  par- 
ticles of  foreign  matter  may  be  removed  by  blowing  it  off,  and 
if  it  does  not  yield  to  this  treatment,  a  stream  of  clean  cold  water 
at  a  very  low  pressure  may  be  directed  against  the  surface  of 
the  reflector.  When  water  is  used  the  reflector  should  be  allowed 
to  dry  and  then  wiped  off  carefully  with  a  very  soft  piece  of 
chamois  skin.  Alcohol  may  be,  and  if  obtainable  should  always 
be,  used  in  cleaning  the  silvered  surface  of  a  reflector.  The  alco- 
hol may  be  applied  by  means  of  a  piece  of  clean  soft  chamois  skin 
which  has  been  moistened,  the  reflector  being  wiped  over  with 
a  rotary  motion  starting  at  the  bulb  opening  and  gradually  working 
cut  toward  the  outer  edge  of  the  reflector  as  shown  in  Fig.  269. 
The  chamois  skin  should  be  held  against  the  reflector  with  a  light, 
even  pressure. 

After  the  reflector  is  tarnished  quite  a  bit  it  may  be  polished 
by  moistening  the  chamois  with  alcohol  and  then  applying  a  small 
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quantity  of  jeweler's  rouge.  After  the  tarnished  surface  has 
been  brightened,  the  polish  may  be  put  on  by  using  a  small  quan- 
tity of  the  same  kind  of  rouge  on  a  piece  of  dry  chamois  skin. 
The  rotary  motion  should  be  used  in  this  case  just  as  previously 
described. 

Focusing  Lamps 

.  It  is  necessary  that  a  lamp  be  in  focus  in  order  that  the  best 
results  may  be  obtained  from  the  lamp.  There  is  a  certain  posi- 
tion in  a  parabolic  reflector  which  corresponds  to  the  focus  point, 
and  if  a  concentrated  filament  incandescent  lamp  be  mounted  in' 


Fig.  270 — Direction  of  light  rays  for  different  positions  of 

lamp  in  a  parabolic  reflector 


the  lamp  in  such  a  manner  that  the  source  of  light  in  the  filament 
corresponds  in  position  with  the  focus  point  of  the  refiector  then 
the  light  thrown  ahead  of  the  lamp  will  be  along  the  lines  A,  A, 
in  Fig.  270.  If  the  lamp  is  too  far  back  in  the  refiector  the  light 
rays  follow  the  lines  B,  B,  and  if  the  lamp  is  too  far  ahead  in  the 
reflector  the  light  rays  follow  the  lines  C,  C.  In  addition  to  the 
lamps  being  in  proper  focus  their  adjustment  on  the  supporting 


840         ELECTRICAL  EQUIPMENT  OF  THE  MOTOR  CAR 

brackets  must  be  such  that  the  light  is  thrown  at  the  proper  point 
on  the  road  ahead. 

The  bulbs  may  be  adjusted  by  moving  them  back  and  forth"  in 
the  reflector  until  the  filament  is  in  the  proper  relation  to  the 
curved  surface  of  the  reflector.  Quite  a  number  of  lamps  are 
made  so  that  the  bulb  position  may  be  changed  by  turning  a  small 
screwhead  or  nut  mounted  in  the  front  or  back  of  the  lamp  hous- 
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Fig.  271 — \B0flector8  of  the  parabolic  type.     This  type  is  more 
efficient  than  the  lens -mirror  type 


ing  and  exposed  so  that  it  is  reasonably  accessible.     Two  differ- 
ent types  of  adjustments  are  shown  in  Fig.  271. 

In  focusing  the  headlights  one  lamp  should  be  adjusted  at  a 
time.  "The  bulb  of  one  lamp  should  be  removed  or  the  lamp  cov- 
ered up  in  order  that  the  light  from  it  will  not  interfere  with  the 
adjustment  of  the  other  one.  The  focusing,  of  course,  should  be 
done  in  a  rather  dark  location  in  order  that  the  best  results  may 
be  obtained.  When  the  adjustment  is  made  on  a  road  the  lamp 
bulb  should  be  moved  back  and  forth  until  the  light  on  the  road 
is  clean  and  as  free  from  black  spots  as  possible.  If  the  lamp 
bulb  is  adjusted  in  a  garage  the  light  should  be  directed  against  a 
wall  and  the  bulb  moved  until  a  clean  and  clear  spot  of  light  appears 
on  the  wall. 
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After  the  Iftmpa  have  been  focused  thej  should  be  moved  on 
their  brackets  so  that  the  spot  of  light  wilt  be  directed  to  the 
proper  point  on  the  road  and  the  desired  distance  ahead  of  the 
car.  In  some  eases  it  may  be  necessary  to  bend  the  brackets  in 
order  to  make  the  last  mentioned  adjustment- 
Wiring  and  Light  Switches 

There  are  three  general  methods  of  wiring  and  connecting  the 
lamps  on  a  car,  as  follows: 

Single -wire  system. 

Two- wire  system. 

Three-wire  system. 

These  three  different  systems  of  wiring  have  been  described 
in  one  of  the  previous  chapters. 

The  switches  used  in  controlling  the  light  very  often  are  quite 
complicated  in  appearance  and  construction  in  order  that  the 
desired  results  may  be  accomplished.     A  front  and  rear  view  of 


a  typical   lighting'  switch  is  shown  in  Pig.   272.     There   are   four 
different  positions  for  the  switch  as  shown  in  the  front  view. 

Dimming  Heullighta 

One    of   the    simplest    devices   used   in    dimming   the   headlights 
eonsbts   of   nothing   more   than   a   resistance   which   may   be   con- 


342         ELECTRICAL  EQUIPMENT  OF  THE  MOTOR  CAR 


MTTERY 


<ii 


Fig.  273 — Resistance  connected  in  a  series  with  lamp.s  to  dim 

headlights 


Fig.  274 — Lamps  connected  in  series,  a1)ove,  for  a  dim  light  and 
in  parallel,  helow,  for  full  candlepoioer 

nected  in  series  with  the  lamps  by  means  of  a  switch,  mounted 
iu  easy  reach  of  the  driver.  This  arrangement  reduces  the  volt- 
age over  the  lamps  which  causes   them  to  burn  at  a  much  lower 
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candlepower  than  their  rated  value.  The  connections  of  a  dimmer 
of  this  type  are  shown  diagrammatically  in  Fig.  273.  When  the 
switch  is  on  the  point  marked  O  the  circuit  is  open;  when  it 
is  on  the  point  B  the  lamps  burn  at  full  voltage;  and  when  it 
is  on  the  point  L  the  lamps  burn  at  a  voltage  lower  than  their 
rated  value. 

In  some  cases  the  lamps  and  switch  are  so  connected  that  the 
lamps  may  be  connected  in  series  for  a  dim  light  and  in  parallel 
for  full  candlepower.  A  diagram  of  a  system  of  this  kind  is  shown 
in  Fig.  274. 

The  high  candlepower  electric  lamps  are  the  cause  of  a  great 
deal  of  trouble  due  to  the  blinding  glare  they  produce,  and  as  a 


Fig,  275 — Double  headlamp 


Fig.  276 — Double  filament 


result  the  driver  of  a  car  is  greatly  annoyed  when  he  is  com- 
pelled to  drive  toward  high-powered  headlights.  A  great  deal  has 
been  done  by  various  motor  organizations  and  there  has  been  some 
legislation  to  bring  about  a  more  reasonable  use  of  high  candle- 
power  lamps. 

Two  bulbs  quite  often  are  used  in  each  headlight,  as  shown  in 
I'ig.  275,    The  second  bulb  is  of  low  candlepower,  and  in  addition 
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it  is  out  of  foeuB.  A0  it  is  inserted  in  the  upper  side  of  the  re- 
flector, most  of  the  light  is  directed  downward,  all  of  which  results 
in  practically  no  glare.  A  very  similar  result  is  obtained  by 
the  use  of  two  filaments  in  a  single  bulb  as  shown  in  Fig.  276. 
The  back  filament  is  employed  for  the  high  candlepower  light 
and  is  in  focus  while  the  outer  filament  is  for  the  low  candlepower 
light  and  is  out  of  focus. 


CHAPTER  XX 

Electrical  Instruments 

THE  following  electrical  instrumentfl  are  ones  that  commonly  are 
encountered  in  motor  car  work,  and  their  purpose  and  operation 
will  be  described  in  the  following  paragraphs:  Ammeters,  volt- 
meters,  ampere-hour   meters,    wattmeters,    watthour   meters. 

The  ammeter  is  an  instrument  to  indicate  the  value  of  the  current 
cf  electricity  in  the  circuit  of  which  the  ammeter  itself  is  a  part. 

The  voltmeter  is  an  instrument  whose  construction  is  such  that 
it  will  give  an  indication  of  the  value  of  the  difference  in  electrical 
pressure  between  two  points  in  an  electrical  circuit  to  which  the 
terminals  of  the  instrument  are  connected. 

An  ampere-hour  meter  is  an  instrument  for  measuring  the  quan- 
tity of  electricity  passing  through  an  electrical  circuit  in  a  given 
time,  and  its  construction  is  such  that  it  sums  up  the  successive 
products  of  current  and  time  and  thus  total  quantity  is  registered 
on  a  dial  by  means  of  a  pointer  which  moves  over  a  graduated  scale. 

The  wattmeter  is  an  instrument  for  measuring  power,  that  is, 
current  in  amperes  times  electrical  pressure  in  volts.  Its  construc- 
tion is  a  combination  of  an  ammeter  and  a  voltmeter,  the  product 
being  indicated  by  a  pointer  which  moves  over  a  graduated  scale. 

The  watthour  meter  is  an  energy  meter,  and  it  sums  up  the 
products  of  the  power  and  time  and  registers  this  product  on  a 
dial  or  dials  located  on  the  front  of  the  instrument. 

The  operation  of  all  ammeters  depends  upon  some  effect  pro- 
duced by  the  electric  current.  They  may  be  classified  conveniently 
according  to  the  particular  effect  of  the  current  upon  which  their 
operation  d^ends.  The  two  most  common  effects  of  an  electric 
current  are  its  magnetic  effect  and  its  heating  effect,  and  the 
majority  of  the  ammeters  on  the  market  at  the  present  time  depend 
upon  one  or  the  other  of  these  two  effects  for  their  operation, 
especially  the  magnetic  effect.  The  chemical  effect  of  a  current 
may  be  used  in  measuring  the  value  of  the  current,  but  this  method 
is  so  little  used  in  comparison  to  the  magnetic  and  heating  effects 
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tLat  we  will  confine  our  description  to  the  two  most  commonly 
used  effects. 

There  is  a  magnetic  field  surrounding  an  electrical  conductor 
in  which  there  is  a  current  of  electricity^  as  explained  in  detail 
m  one  of  the  previous  chapters^  and  the  strength  of  the  magnetic 
field  varies  with  the  value  of  the  current  in  the  conductor ,  increas- 
ing with  an  increase  of  current  and  decreasing  with  a  decrease 
of  current.  The  majority  of  the  ammeters  in  use  at  the  present 
time  depend  for  their  operation  upon  this  magnetic  effect  of 
the  current,  and  their  chief  difference  lies  in  the  method  of  apply- 
ing the  effect  to  the  operation  of  the  different  makes  and  models. 

A  very  simple  form  of  ammeter  is  shown  diagrammatically  in 
I'ig.  277.  M  is  a  strong  permanent  magnet  with  its  ends  mounted 
inside  the  coil  0  through  whose  turns  the  current  to  be  measured 
passes,  connection  to  the  coil  0  being  made  by  means  of  the  ter- 
minals T  1  and  T  2.  A  small  piece  of  soft  wire,  I,  is  mounted 
on  a  vertical  shaft,  P,  which  also  carried  a  pointer,  P  1,  with  a 
balance  weight,  W.  The  balance  weight  provides  a  means  of  making 
the  instrument  read  the  same  in  any  position.  The  magnetic 
'  action  of  the  magnet  M  on  the  piece  of  soft  wire  is  such  that 
the  piece  is  held  in  the  position  shown  in  the  figure  when  there  is 
no  current  in  the  coil,  that  is,  it  is  held  in  a  position  corresponding 
to  the  direction  of  the  magnetic  field  from  the  north  to  the  south 
magnetic  poles  of  the  permanent  magnet. 

The  direction  of  the  magnetic  field  due  to  the  permanent  mag- 
net is  from  left  to  right.  If  a  current  of  electricity  be  sent  through 
the  coil  C,  a  magnetic  field  will  be  produced  around  the  coil, 
and  the  direction  of  the  magnetic  field  inside  or  outside  the  coil 
may  be  determined  by  the  following  simple  rule.  When  you  look 
along  a  conductor  in  which  there  is  a  direct  current,  in  the  direc- 
tion of  the  current,  the  magnetic  current  surrounding  this  con- 
ductor due  to  the  current  in  the  conductor  will  be  ^clockwise  in 
direction.  Let  us  assume  that  the  direction  of  the  current  is 
toward  the  paper  in  the  wires  shown  in  the  left-hand  cross  sec- 
tion of  the  coil.  With  the  current  in  the  coil  in  this  assumed 
direction,  there  will  be  a  magnetic  field  about  the  left-hand  cross 
section  in  a  clockwise  direction,  or  down  through  the  center  of 
the  coil,  and  at  the  same  time  there  will  be  a  magnetic  field  about 
the  right-hand  cross  section  in  a  counter-clockwise  direction  which 
also  will  be  down  through  the  center  of  the  coil.     This  magnetic 
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field  which  the  current  in  the  eoil  tends  to  produce  cannot  exist 
alone  but  combines  with  the  magnetic  field  of  the  permanent  magnet 
and  forms  a  resultant  magnetic  field.  These  two  magnetic  fields 
may  be  thought  of  as  two  forces  whose  directions  and  values  are 
shown  diagrammatically  in  the  small  figure^  to  the  right. 

The  line  marked  Fm  represents  the  magnetic  field  due  to  the 
magnet  and  its  direction  is  toward  the  right  as  shown  by  the 
arrowhead.  The  line  marked  Fc  represents  the  magnetic  field 
due  to  the  current  and  its  direction  is  down  and  at  right  angles  to 
Fm.  The  lengths  of  the  two  lines  represent  the  values  of  the 
f.elds  to  some  convenient  scale.  The  line  B  represents  the  re- 
sultant field,  due  to  Fm  and  Fc,  both  in  direction  and  in  value 
to  the  same  scale  as  Fm  and  Fc.  The  piece  of  iron,  I,  will  move 
so  that  it  is  parallel  to  the  direction  of  the  resultant  magnetic 
field,  which  results  in  the  pointer  P  1  being  moved  toward  the 
right  over  the  graduated  scale  at  the  top  of  the  instrument.  The 
amount  of  the  deflection  of  the  pointer  P  from  the  zero  position 
will  depend  upon  the  position  of  the  resultant  field  B  in  relation 
tt  the  field  Fm,  due  to  the  magnet.  The  angle  between  B  and  Fm, 
or  course,  will  depend  upon  the  value  of  Fc,  which  in  turn  de- 
pends upon  the  size  of  the  coil,  the  number  of  turns  in  the  coil 
and  the  current  in  the  coil.  Now  by  properly  adjusting  the  size 
of  the  coil  and  the  number  of  turns,  the  value  of  Fc  may  be  made 
such  that  when  it  is  combined  with  Fm  to  form  B,  the  angle  be- 
tween Fm  and  B  will  be  of  the  desired  value.  For  example,  the 
construction  may  be  such  that  5  amp.  in  the  winding  of  the  coil 
will  produce  a  deflection,  or  movement,  of  the  pointer  P  from 
zero  to  the  extreme  right  of  the  scale. 

If  the  number  of  turns  in  the  coil  be  reduced  to  half,  then  twice 
the  current  in  amperes  will  be  required  to  give  the  same  deflection  of 
the  pointer  as  originally  was  produced.  The  markings  on  the  scale 
then  would  have  to  be  changed  to  twice  their  present  values.  If  the 
number  of  turns  in  the  coil  were  increased  to  five  times  their  pres- 
ent vahie,  then  only  1  amp.  would  be  needed  to  make  the  pointer 
move  from  zero  to  the  extreme  end  of  the  scale. 

The  position  of  the  pointer  P  for  various  known  currents  in 
the  coil  may  be  marked,  and  after  such  a  marking  is  made  the 
instrument  may  be  used  for  measuring  electrical  currents. 
The    current    the    instrument    can    indicate    will    depend    upon 
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the  turns  in  the  coil  C.  This  type  of  instrument  sometimes  is 
called  the  wiring  iron  type.  The  direction  of  the  deflection  of  the 
pointer  from  zero  in  an  instrument  of  this  kind  will  depend  upon 
the  direction  of  the  current  through  the  winding  in  the  coil  0, 
so  that  the  current  in  C  always  must  be  in  one  particular  direction 
if  the  pointer  is  to  be  deflected  in  a  definite  direction  from  the 
zero  mark  on  the  scale.  Such  an  instrument  can  be  used  in 
measuring  direct  current  only. 


Fig,  277 — Simple  form  of  ammeter.    This  type  can  he  used  in 

measuring  direct  current  only 


The  instrument  shown  diagrammatically  in  Fig.  278  is  known 
as  the  plunger  type.  It  consists  of  a  curved  soft  iron  plunger,  I, 
mounted  on  the  end  of  an  arm  which  is  carried  on  the  shaft  P. 
A  pointer,  P,  and  a  balancing  weighty  W^  also  are  mounted  on 
the  shaft  P,  and  the  whole  system  is  held  in  a  definite  position  by 
the  coil  spring  S.  When  a  current  is  sent  through  the  coil  C  it 
magnetizes  the  soft  iron  core  C,  which  then  is  attracted,  or  drawn, 
into  the  core.     The  movement  of  the  iron  core  will  depend  upon 
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I  he  number  of  series  in  the  coil  C^  the  strength  of  the  spring  S 
and  the  current  in  the  coil  C.  The  spring  and  wires  in  C  may  be 
so  adjusted  that  any  desired  current  will  produce  a  movement  of 
the  end  of  the  pointer  from  one  end  of  the  scale  to  the  other. 
Changing  the  series  in  the  coil  will  change  the  value  of  the  cur- 
rent required  for  a  complete  movement  of  the  pointer  from  one 
end  of  the  scale  to  the  other,  and  hence  the  current  capacity  of 
the  instrument  is  changed.  The  deflection  of  the  pointer  in  an 
instrument  of  this  kind  is  in  the  same  direction  regardless  of  the 
direction  of  the  current,  and  such  an  instrument  may  be  used  in 
measuring  an  alternate  or  direct  current. 

The  instrument  shown  in  Fig.  279  consists  of  a  coil  of  wire,  C, 


Fig.  278 — Plunger  type  of  ammeter.     This  type  can  he  used 
for  either  direct  or  indirect  current 


wound  on  a  hoUow  spool  inside  of  which  a  piece  of  soft  iron, 
V  1,  called  the  vane,  is  mounted  on  a  shaft,  P,  which  is  parallel 
to  the  axis  of  the  coil  but  does  not  correspond  in  position  with 
the  center  of  the  coil  as  shown  in  the  figure.  A  second  piece  of 
soft  iron,  V  2,  is  mounted  on  the  inside  edge  of  the  opening  of  the 
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coil  and  in  about  the  same  relation  to  V  1  as  shown  in  the  figure. 
The  moving  parts  are  balanced  by  the  weight  W,  and  the  system 
is  held  in  its  zero  position  by  the  spring  6  when  there  is  no  cur- 
rent in  the  coil.  When  there  is  a  current  in  the  coilj  the  two  pieces 
of  wire  are  magnetized  alike  in  polarity,  both  north  poles  at  the 
upper  end  and  both  south  poles  at  the  lower  end,  or  vice  versa. 
The  two  pieces  then  will  repel  each  other,  which  will  cause  the 
pointer  to  move  over  the  scale.  The  field  inside  the  coil  is  some- 
what stronger  near  the  outer  edge,  and  the  piece  of  iron,  V  1,  is 
acted  upon  by  a  force  tending  to  draw  it  into  this  stronger  field, 
which  will  be  the  result  as  the  moving  system  rotates,  due  to  the 
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Fig.  279 — The  magnetic  vane  type  which 
tnetuurea  both  currentt 


shaft  P  being  off  the  center  of  the  coil.  These  two  forces  on  the 
piece  of  iron  V  1  combine  to  produce  a  movement  of  the  pointer 
which  will  vary  in  value  with  the  current  in  the  coil  and  the  num- 
ber of  turns.  The  direction  of  the  deflection  of  the  counter  from 
zero  is  independent  of  the  direction  of  the  current  in  the  coil, 
and  the  instrument  may  be  used  in  measuring  both  direct  and 
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alternating  currents.     This  kind  of  an  instrument  is  known  as 
the  magnetic  vane  type. 

M<Mt  Widely  Used 

The  instrument  shown  in  Fig.  280  is  the  most  widely  used  of 
the  various  instruments  operating  upon  the  magnetic  effect  of 
an  electric  current.  It  consists  of  a  permanent  magnet,  M,  pro- 
vided with  two  special  hole  pieces,  P  1  and  P  2,  between  which  a 
cylindrical  piece  of  soft  iron,  I,  is  mounted.  A  coil,  C,  is  wound 
on  a  light  aluminum  frame  and  pivoted  at  the  top  and  bottom  so 
that  it  may  rotate  about  the  piece  of  iron  I,  the  sides  of  the  coil 
moving  in  the  small  gap  between  I  and  the  pole  pieces  P  1  and 


Fig.  280 — The  mo8t  common  type  of  ammeter 


P  2.  The  current  is  led  into  and  out  of  the  coil  C  by  two  spiral 
springs,  one  at  the  top  and  one  at  the  bottom,  which  also  serve 
to  keep  the  coil  in  its  zero  position  and  to  provide  a  restoring 
force  against  which  a  magnetic  action  of  the  current  in  the  coil 
is  to  act. 
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A  pointer,  or  needle,  is  attached  to  the  coil  and  wired  over  a 
suitable  scale  when  there  is  a  turn  in  the  coil.  In  instruments 
of  this  kind  the  wire  used  in  winding  the  coil  is  very  Btoall  and 
capable  of  carrying  only  a  very  small  current.  In  measuring 
larger  currents  than  the  coil  will  carry  safely  use  is  made  of  what 
is  called  an  ammeter  shunt,  which  will  be  explained  in  one  of  the 
following  sections. 

When  a  current  of  electricity  is  sent  through  the  eoil  of  the 
Instrument  shown  in  Fig.  260,  a  magnetic  6eld  is  produced  through 


Flff.  2Sl—Wealon  porlabh  ammeter 

the  coil,  and  this  magnetic  field  and  the  one  due  to  the  permanent 
magnet  tend  to  turn  so  that  they  are  parallel  to  each  other.  Since 
the  coil  is  free  to  turn,  except  for  the  action  of  the  springs 
attached  to  it,  there  will  be  a  movement  of  the  coil,  and  the  extent 
of  this  movement  will  depend  upon  the  value  of  the  current  in 
the  coil.  The  direction  of  the  deflection  of  the  coil  will  depend 
upon  the  direction  of  the  current  in  the  coil,  and  hence  the  instru- 
ment can  be  used  only  in  measuring  direct  current.  A  Weston 
portable  ammeter  of  this  type  is  shown  in  Fig.  281. 

When  a  current  of  electricity  is  produced  in  a  wire  there  is  a 
certain  amount  of  electrical  work  done  in  causing  the  electricity  to 
flow  against  the  resistance  offered  by  the  wire,  just  as  a  certain 
amount  of  work  is  done  in  causing  a  current  of  water  in  a  pipe  or 
overcoming  the  resistance  offered  by  the  pipe  to  the  free  flow  of 
the  water.    In  each  of  the  above  cases  the  work  done  is  converted 
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into  heat.  The  amount  of  heat  produced  in  the  case  of  the  water 
is  in  the  great  majority  of  cases  quite  small,  and  for  this  reason  it 
is  not  given  very  serious  consideration.  The  heat  generated  in  the 
wire,  when  there  is  a  current  in  the  wire,  depends  on  the  resistance 
offered  by  the  wire  and  also  on  the  value  of  the  current  in  the  wire. 
A  good  example  of  the  fact  that  there  is  heat  generated  in  a 
wire  in  which  there  is  a  current  of  electricity  is  found  in  all  the 

commercial  electrical 
heating  devices  and  in 
the  incandescent  lamp. 
The  heat  generated  de- 
pends on  the  value  of 
the  current,  and  if  it 
were  possible  to  meas- 
ure the  amount  of  heat 
generated  in  a  given 
time,  in  a  certain  wire 
with  a  known  value  of 
current  in  the  wire,  it 
would  be  possible  to  use 
the  same  wire  in  meas- 
uring a  current  by  ac- 
curately measuring  the 
heat  generated  and  from 
this  computing  the  value 
of  the  current.  This 
method  of  measuring  a 
current  is  not  commer- 
cially possible,  and  a 
more  practical  applica- 
tion of  the  heating  ef- 
fect is  used. 

The  principal  of  an  electrical  instrument  operating  on  the  heat- 
ing effect  of  a  current  is  shown  diagrammatically  in  Fig.  282.  A 
wire,  AB,  of  comparatively  high  resistance,  low  temperature  co- 
efficient and  non-oxidizable  metal,  has  one  end  attached  to  the 
plate  C,  then  passed  around  a  pulley,  P,  that  is  secured  to  a  shaft 
8,  and  its  free  end  is  brought  back  and  mechanically,  though  not 
electrically,  attached  to  the  plate  C.  The  spring  F  keeps  the  wire 
under  tension,  it  being  attached  to  the  plate  C,  which  is  so  guided 


Fig.  282 — To    illustrate    electrical    in- 
strument that  operates  on  heating  effect 
of  current 


354        ELECTRICAL  EQUIPMENT  OP  THE  MOTOR  CAR 

that  it  can  move  in  a  direction  at  right  angles  to  the  shaft  S.  An 
arm,  G,  also  is  attached  to  the  shaft  S,  being  counterweighted  at 
the  upper  end  by  the  weight  W  and  split  open,  or  bifurcated,  at  the 
lower  end.  A  fine  silk  thread,  T,  has  one  end  attached  to  one  of 
the  arms  at  the  lower  end  of  G,  then  passed  around  a  smaU  pulley, 
H,  which  is  mounted  on  a  shaft  that  carries  a  pointer,  I,  and  finally 
has  its  other  end  attached  to  the  second  arm  of  G.  The  material 
composing  the  arms  of  G  is  springy  and  serves  to  keep  the  silk  fiber 
in  tension. 

The  current  to  be  measured  passes  through  the  wire  A,  entering 
and  leaving  through  two  twisted  conductors,  as  shown  in  the  figure. 
When  a  current  is  passed  through  A  it  is  heated  and  expanded, 
which  usually  results  in  the  tension  in  A  being  less  than  that  in  B. 
The  tensions  originally  were  the  same,  and  equilibrium  can  be  re- 
stored only  by  the  pulley  P  rotating  in  a  clockwise  direction.    This 


Fig,  283 — Connections  of  ammeter  shunt  in  parallel  with  coil  of 

ammeter 


rotation  of  the  pulley  P  causes  the  lower  end  of  the  arm  G  to  move 
toward  the  left.  The  silk  thread  that  passes  around  the  pulley  H 
causes  it  to  rotate  in  a  clockwise  direction,  and  as  a  result  the 
needle,  or  pointer,  I,  is  deflected  toward  the  right,  being  rigidly 
attached  to  the  pulley.  Changes  in  the  temperature  of  the  entire 
instrument  affect  both  the  wires  A  and  B  alike,  and  there  is,  as  a 
result  of  this  equal  change  in  their  lengths,  no  movement  of  the 
pointer  I.  An  instrument  of  this  kind  always  deflects  in  the  same 
direction  regardless  of  the  direction  of  the  current,  as  the  heating 
effect  of  a  current  is  independent  of  the  direction  of  the  current 
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through  the  part  of  the  circuit  being  heated.  An  instrument  of 
this  kind  may  be  used  in  measuring  either  direct  or  alternating 
current. 

Ammeter  Shunts 

In  certain  types  of  ammeters,  especially  the  D'Arsonval  type,  it 
is  practically  impossible  to  carry  the  total  current  to  be  measured 
through  the  coil  of  the  instrument.  To  prevent  the  necessity  of 
doing  this,  use  is  made  of  what  is  called  an  ammeter  shunt.  This 
shunt  is  nothing  more  or  less  than  a  low  resistance,  arranged  to  be 
connected  in  parallel  with  the  coil  of  the  instrument.  In  other 
words,  the  coil  of  the  instrument  and  the  shunt  are  in  parallel  and 
the  total  current  divides  inversely  as  the  resistance  of  the  two 
paths.  This  shunt  may  be  connected  permanently  and  inclosed  in 
the  instrument  case  or  it  may  be  outside  the  instrument  proper  and 
connected  to  the  coil  of  the  instrument  by  flexible  leads.  When 
the  outside  method  of  connecting  the  shunt  and  coil  in  parallel  is 
used,  shunts  of  different  resistances  may  be  used  with  the  same 
coil  and  in  this  way  the  range  of  the  current  capacity  of  the  instru- 
ment, increased.  When  shunts  are  used  the  reading  of  the  ammeter 
scale  will  be  correct  for  one  particular  shunt,  but  additional  mark- 
ings must  be  provided,  or  the  reading  multiplied  by  a  constant, 
for  the  other  shunts.  The  current  ranges  for  the  different  shunts 
are  usually  multiples  of  ten. 

The  resistance  of  the  coil  in  the  different  types  of  ammeters 
should  always  be  as  h)w  as  possible  in  order  that  the  voltage  re- 
quired to  overcome  the  resistance  pf  the  ammeter  be  a^  low  as  pos- 
sible. The  coil  when  in  parallel  with  the  shunt  gives  a  lower  total 
resistance  than  the  coil  alone.  The  proper  connection  of  an  am- 
n^eter  with  an  inclosed  shunt  is  shown  at  A  in  Fig.  283.  The 
ammeter  indicates  the  current  taken  by  the  motor  M  and  the  cur- 
rent in  the  voltmeter,  which  is  very  small  and  usually  may  be  neg- 
lected without  any  appreciable  error. 

Principle  of  the  Voltmeter 

The  voltmeter  is  an  instrument  for  measuring  the  electrical  pres- 
sure between  two  points  to  which  the  terminals  of  the  voltmeter 
are  connected.  The  fundamental  principle  upon  which  the  volt- 
meter operates  is  exactly  the  same  as  that  of  the  ammeter,  the 
difference  being  in  the  resistance  of  the  instrument.  The  deflec- 
tion of  the  pointer  on  an  ammeter  depends  on  the  current  through 
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the  niudingB  of  the  inBtnunent,  and  tbis  cuireDt  will  Ttuy  id  value 
as  the  electrical  pressure  acting  on  the  inBtrument  Tkriee  in  value, 
provided  the  resistance  of  tbe  instniment  is  constant.  Thus,  if 
an  electrical  pressure  of  1  volt  producas  sufficient  cnrrent  in  the 
winding  of  tbe  instrument  to  cause  the  pointer  to  ntove  a  certain 
distance  over  the  scale,  then  100  volts  will  cause  the  pointer  to 
move  tbe  same  distance  if  the  resistance  of  the  instrument  is  in- 
creased to  100  timee  its  original  value.  If  the  resistance  be  in- 
creased to  ten  times  its  original  value,  then  ten  times  the  electrical 


pressure  will  be  required  to  produce  a  certain  deflection,  etc.  With 
a  certain  resiBtance  in  circuit,  the  deflection  of  the  pointer  will 
varj  as  the  pressure  between  tlie  tenniuats  of  the  instrument,  be- 
ciiUBe  this  variation  in  pressure  causes  the  current  through  the 
instrument   to   varj   in   value. 

An  instrument  similar  to  the  one  shown  in  Fig.  278  ma^  be 
changed  from  an  ammeter  to  a  voltmeter  hj  changing  the  number 
of  wires  in  the  coil.  Thus,  if  a  cnrrent  of  10  amp.  is  required  to 
produce  a  certain  deflection  of  the  pointer  when  the  i 
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used  as  an  ammefter,  the  same  deflection  may  be  produced  by 
sending  a  much  smaller  current  through  a  larger  number  of  wires 
when  it  is  used  as  a  voltmeter.  The  same  thing  is  true  of  the 
instruments  shown  in  Figs.  278  and  280. 

The  proper  connections  of  a  voltmeter  are  shown  at  V  in  Fig. 
283. 

C<mibined  Ammeters  and  Voltmeters 

Quite  often  an  ammeter  and  a  voltmeter  are  combined  in  a  single 
instrument,  which  usually  is  spoken  of  as  a  duplex  instrument. 
Such  an  instrument  is  sho¥m  in  Fig.  284.  In  the  duplex  instru- 
ment the  ammeter  and  the  voltmeter,  so  far  as  their  operation  is 
concerned,  are  independent  of  each  other. 

In  some  cases  the  same  coil  is  used  either  as  an  ammeter  or  as 
a  voltmeter.  The  internal  connections  of  an  instrument  of  this 
kind  are  shown  diagrammatically  in  Fig.  285.  The  terminal 
marked  plus,  4-)  is  used  both  for  the  ammeter  and  the  voltmeter. 
When  connections  are  made  to  the  plus  terminal  and  the  terminal 
n:arked  30  A,  the  instrument  will  read  a  maximum  current  of  30 
amps.  Changing  from  the  30  A  terminal  to  the  3  A  terminal,  the 
maximum  current  will  be  3  amp.  When  connections  are  made  to 
the  plus  and  15  V  terminals,  a  maximum  pressure  of  15  volts  may 
be  had,  provided  the  key  is  depressed. 

In  some  cases  a  charge  and  discharge  indicator  is  used  instead  of 
an  ammeter.  The  operation  of  these  devices  is  very  similar  to 
the  instrument  shown  in  Fig.  278,  which  usually  is  referred  to  as 
the  soft  iron  instrument.  When  the  current  passes  through  the 
coil  in  one  direction,  the  moving  part  is  turned  in  one  direction, 
and  with  a  reversal  of  current  the  moving  part  is  turned  in  the 
opposite  direction.  The  words  "charge"  and  "discharge"  ap- 
pear when  the  moving  part  is  in  its  entrance  position.  An  indi- 
cator of  this  kind  is  shown  in  Fig.  286. 

The  Leece-Neville  Co.  manufactures  an  indicator  which  is  a  part 
of  the  cutout.  A  small  target  is  attached  to  the  armature  of  the 
cutout,  and  the  position  of  the  cutout  is  indicated  by  this  target, 
which  appears  through  an  opening  on  the  front  of  the  case.  The 
complete  device  is  shown  in  Fig.  287. 

Ampere-hour  Meter 

The  ampere-hour  meter  is  an  instrument  for  measuring  the  quan- 
tity of  electricity  passing  through  an  electrical  circuit  in  a  certain 
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time.  It  usually  consists  of  a  rotating  part  connected  to  a  system 
of  gearing  which  operates  one  or  more  pointers  that  move  over  the 
dial  on  the  front  of  the  instrument.  The  construction  and  opera- 
tion of  the  rotating  portion  is  such  that  the  rate  at  which  it  re- 
volves varies  directly  as  the  current  through  the  instrument.  Thus 
if  a  current  of  10  amp.  causes  the  rotating  part  to  make  1800 
revolutions  in  one  hour,  then  a  current  of  20  amp.  will  cause  it  to 
make  3600  revolutions  in  one  hour.  Now  10  amp.  for  an  hour  is  10 
amp.-hrs.  and  20  amp.  for  an  hour  is  20  amp.-hrs.,  etc.    The  gears 
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Fig.  285 — Diagram  oj  combined  ammeter  and  voltmeter  in  tohich 
the  same  coil  is  used  a«  either  instrument 

connecting  the  rotating  part  and  the  pointers  and  markings  on  the 
dial  should  be  such  that  each  division  on  the  dial  corresponds  to  a 
definite  number  of  ampere-hours.  In  some  types  of  ampere-hour 
meters  there  is  a  difference  in  the  rate  at  which  the  rotating  por- 
tion revolves  whesn  the  current  through  the  instrument  is  reversed. 
This  difference  in  the  indication  for  the  two  directions  of  current 
may  be  varied,  which  permits  the  loss  in  a  storage  battery  that  is 
being  charged  and  discharged  through  the  ampere-hour  meter  to 
be  taken  care  of.  Thus  the  adjustment  on  charge  may  be  such 
t^hat  the  instrument  reads  20  per  cent  slow  and   correct  on  dis-* 
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charge.  Id  such  a  case  the  battery  input  as  ahowD  on  the  dial  of 
the  ampere-hour  meter  would  be  the  same  as  the  battery  output. 
A  typical  form  of  ampere-hour  meter  is  sbaim  in  Fig.  S88. 

Wattmeter 

The  wattmeter  is  sn  instrument  for  meafiuring  power,  and  briefly 
it  is  a  combination  of  an  ammeter  and  a  TOltneter.  One  coil,  or 
set  of  terminals,  ia  connected  in  series  in  the  circuit  just  as  an 
ammeter  is  connected,  and  the  other  sei  of  terminab  is  connected 
across  the  circuit  just  as  a  voltmeter  is  connected.  The  operation 
oi'  the  instrument  is  such  that  the  deflection  of  the  pointer  is  pro- 
portional to  the  product  of  the  current  in  one  coil  and  the  electrical 
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pressure  applied  to  the  terminals  of  the  other  coil,  which  gives  the 
power  in  watts. 

Watthow  Mettf 

The  watthour  meter  is  an  instrument  for  measuring  the  total 
energy  passing  a  given  point  in  an  lilectrical  circuit.  It  consists 
of  a  rotating  portion  whose  rate  of  rotation  is  proportional  to  the 
power  in  watts.  The  rotating  portion  causes  one  or  more  pointers 
to  move  over  one  or  more  dials  by  a  system  of  gears.  This  system 
of  gears  and  the  markings  on  the  dials  are  such  that  the  pointers  on 
the  dials  give  a  reading  of  the  energy  in  watthours  or  kilowatt 
hours.  In  the  majority  of  cases  the  difference  in  two  readiugs  are 
taken  for  a  period  of  approximately  a  month. 


CHAPTER  XXI 
Ignition  Systems 

THE  igfnition  aystem  of  a  modern  motor  car  eagine  conetitutea' 
one  of  the  most  impoTtant  elements  of  the  engine  and  one 
which  is  absolutely  necesaary  in  orcler  to  insure  engine  operation. 
Its  primary  object  is  to  afford  a  means  of  kindling  or  setting  on 
fire  the  compressed  mixture  of  gasoline,  gas  and  air  in  the  engine 
cylinder,  and  thus  produce  what  is  called  an  eiploeion. 

Eariy  Mediods  of  ^nitum 

The  early  systems  of  ignition  were  quite  different  from  those  in 
use  at  the  present  time  and  a  brief  description  of  several  of  them 
will  be  given  in  the  fol- 
lowing paragraphs. 

In  the  earliest  forms 
of  the  gas  engine,  a 
flame  burned  near  a 
valve  in  the  bead  of  the 
engine  cylinder,  and 
when  the  piston  was  in 
.  the  proper  position,  the 
valve  opened,  thus  per- 
mitting the  flame  to  ig- 
nite the  gas  back  of  the 
engine  piston.  This 
method  naa  nsed  in  the 
forms  of  engines  in 
which  the  gas  and  air 
mixture    was    not    eom- 

It  was  later  found  de- 
sirable to  compress  the 
gaa  and  air  mixture  be- 
the  open  flame  could  not  be 
used.  A  platinum  tube  waa  inserted  in  the  side  of  the  combustion 
chamber  and  this  tube  was  heated  to  such  an  extent  by  means  of  a 
flame  directed  against  its  walls  from  the  outude  of  the  cylinder 


Fig.  288 — Ampere-hour 
fore  exploding  it  and  in  such  a 
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that  the  end  inside  the  combustion  chamber  was  maintained  at  a 
sufficiently  high  temperature  to  ignite  the  gas  mixture. 

Later  forms  used  the  property  of  gases  to  fire  or  ignite  them- 
serlves  if  compressed  to  a  sufficient  degree,  and  others  made  use  of 
the  stored  heat  in  the  cylinder  walls  and  head  to  fire  the  highly 
compressed  charge. 

All  of  these  various  methods  were  not  practical  in  their  appli- 
cation to  the  gasoline  engine  as  used  on  the  modern  motor  car,  due 
princij>ally  to  the  fact  that  they  did  not  permit  a  flexible  engine 
action  which  is  essential  in  a  good  motor  car  engine.  The  elec- 
trical ignition  systems  are  standard  at  the  present  time  ^  and  the 
fundamental  principles  upon  which  they  operate  will  be  discussed 
in  the  following  section. 

Low-Tension  Ignition  System 

A  low-tension  ignition  system  is  one  using  an  electric  are  which 
is  produced  by  a  low  voltage  or  pressure.  In  a  system  of  this  kind 
the  spark  is  produced  within  the  cylinder  by  breaking  the  electrical 
circuit  between  two  pionts  in  the  combustion  chamber,  called  elec- 
trodes. The  principle  of  this  system  is  shown  diagrammatically 
in  Fig.  289.  When  the  igniter  contacts  are  closed  in  the  combus- 
tion chamber  of  the  cylinder,  a  current  will  be  produced  in  the 
circuit  by  means  of  the  storage  battery.  After  the  engine  shaft 
revolves  a  small  angle,  the  contact  in  the  combustion  chamber  is 
broken  and  when  this  break  takes  place,  there  will  be  an  electric 
arc  produced  between  the  two  parts  of  the  igniter.  A  coil  of  wire 
about  an  iron  core  is  shown  connected  in  series  in  the  circuit.  This 
coil  has  a  strong  magnetic  field  produced  about  it  and  through  its 
center  when  a  current  is  established  in  the  winding.  This  magnetic 
fleld  represents  a  certain  amount  of  stored  energy  just  as  a  wound-up 
clock  spring,  and  when  the  circuit  is  broken,  the  energy  stored  in 
the  magnetic  field  will  take  some  other  force.  As  the  magnetic  field 
surrounding  the  coil  decreases  in  value,  due  to  a  decrease  in  the  cur- 
rent in  the  coil,  the  lines  of  magnetic  force  which  are  supposed  to 
constitute  the  magnetic  field  cut  the  various  turns  of  wire  forming 
the  coil^  and  as  a  result  there  will  be  an  electrical  pressure  produced 
in  the  winding  of  the  coil.  This  pressure  may  be  and  usually  is 
many  times  the  value  of  the  pressure  produced  by  the  battery  and 
as  a  result  it  tends  to  maintain  the  arc  between  the  two  terminals 
of  the  igniter  when  the  circuit  is  broken  in  the  combustion  chamber. 
The  purpose  of  the  coil  then  is  to  give  a  much  hotter  and  longer 
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spark  than  would  otherwise  be  obtained.  Such  a  coil,  of  course,  has 
only  one  winding  and  they  are  usually  called  primary  or  low-tension 
coils.  The  application  of  an  ignition  system  of  this  kind  to  a  four- 
cylinder  engine  is  shown  diagrammatically  in  Fig.  290.  In  this  case 
the  source  of  electrical  energy  is  either  the  magneto  or  the  five  dry 
cells,  depending  upon  the  position  in  which  the  ignition  switch  is 
thrown. 

The  chief  advantage  of  the  low-tension  ignition  system  is  its  free- 
dom from  short-circuits  caused  by  poor  insulation  of  the  electrical 
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Fig,  289 — Principle  of  low-tension  ignition 

circuit.  This  system  of  ignition,  however,  is  of  only  historical  in- 
terest so  far  as  the  motor  car  is  concerned,  as  it  has  been  discarded 
for  several  years  and  is  now  confined  almost  entirely  to  low-speed 
stationary  engines. 

This  system  is  commonly  called  the  make-and-break  system  of 
ignition. 

High-Tension  Ignition  System 

The  operation  of  the  high-tension  ignition  system  is  based  on  the 
fact  that  when  a  sufficiently  big  electrical  pressure  is  made  to  act 
upon  an  electric  circuit  in  which  there  is  a  small  gap,  the  electricity 
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will  leap  thi3  gap  and  produce  a  small  arc.  The  principal  parts  of 
a  high-tension  ignition  system  are  shown  diagrammaticallj  in  Fig. 

291.  B  is  a  source  of  electrical  energy  such  as  a  battery  or  low- 
tension  magneto  connected  in  series  with  the  primary  winding  P  of 
the  ignition  coil,  the  vibrator  V  and  the  contactor  C.  The  contact 
C  is  operated  by  the  engine  so  that  it  makes  contact  at  the  exact 
time  an  ignition  spark  is  required  in  the  engine  cylinder. 

When  the  contact  C  is  closed,  a  current  will  be  produced  in  the 
primary  winding  of  the  coil  which  magnetizes  the  iron  core  and  the 
vibrator  V  is  attracted  to  the  core.  When  the  blade  V  moves  away 
from  the  end  of  the  adjusting  screw,  the  primary  circuit  is  opened 
and  the  iron  core  is  demagnetized  and  the  vibrator  returns  to  its 
original  position,  and  this  operation  is  again  repeated  in  rapid  suc- 
cession so  long  as  the  contact  C  remains  closed.  Each  time  the  cur- 
rent in  the  primary  circuit  is  established  and  destroyed,  there  is  a 
high  electrical  pressure  produced  in  the  secondary  winding.  This 
high  electrical  pressure  is  of  suflScient  value  to  cause  a  current  to  be 
established  between  the  terminals  or  electrodes  of  the  spark  plug, 
and  thus  produce  the  desired  ignition  spark. 

A  four-cylinder  combination  is  shown  diagrammatically  in  Fig. 

292.  Two  batteries  are  provided  in  this  case  and  either  one  may  be 
used  by  throwing  the  switch  on  either  point  1  or  point  2. 

This  system  is  sometimes  called  the  jump-spark  system. 

If  a  current  of  electricity  be  established  in  a  wire  there  will  be  a 
magnietic  field  produced  about  the  wire.  The  strength  of  the  mag- 
netic field  will  depend  upon  the  value  of  the  current  in  the  wire,  and 
its  direction  will  depend  upon  the  direction  of  the  current  in  the 
wire.  Any  change  in  the  value  of  the  current  in  the  wire  will  result 
in  a  change  in  the  strength  of  the  magnetic  field,  it  increasing  with 
an  increase  in  the  value  of  the  current  and  decreasing  with  a  decrease 
m  the  value  of  the  current.  A  reversal  in  the  direction  of  the  cur- 
rent will  result  in  a  change  in  the  direction  of  the  magnetic  field. 

•  Now  if  the  wire  be  formed  into  a  coil  as  shown  in  Fig.  293,  a 
much  stronger  magnetic  field  will  be  produced  inside  the  coil  than 
was  originally  produced  near  the  straight  wire.  Inserting  an  iron 
core  inside  the  coil  will  increase  the  number  of  magnetic  lines  pass- 
ing through  the  coil  due  to  the  fact  that  iron  is  a  better  conductor 
of  magnetism  than  air,  just  as  copper  is  a  better  conductor  of  elec- 
tricity than  iron. 

Let  us  now  investigate  what  will  happen  when  such  a  coil  is  con- 
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nected  or  suddenly  discannected  from  a  source  of  electrical  energy 
such  as  a  storage  battery.  Just  at  the  instant  that  the  circuit  is 
closed,  the  current  starts  to  increase  in  value  at  a  very  high  rate, 
but  it  cannot  reach  its  maximum  constant  value,  which  is  equal  to 
the  electrical  pressure  divided  by  the  resistance,  in  zero  time  for 
the  following  reason:     As  soon  as  there  is  any  current  at  all  in  the 


Fig,  290 — Four-cylinder,  low-tension  ignition  system 


wire  there  will  be  a  magnetic  field  produced  and  this  magnetic  field 
will  increase  in  strength  as  the  current  in  the  wire  increases.  While 
the  magnetic  field  is  increasing,  the  magnetic  lines  through  the  coil 
are  increasing  in  number  and  an  electrical  pressure  is  set  up  in  the 
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Tarlous  tarns  of  the  coil  -vrlioge  direction  in  tbe  circuit  is  just  the 
reverse  of  the  electrical  pressure  of  the  battery  or  ottier  outside 
source  of  pressure  producing  the  current.  As  a  result  of  this  pres- 
sure being  produced  in  tbe  circuit  and  since  its  direction  is  opposite 
to  the  direction  of  the  current,  the  current  will  not  build  up  in  value 
as  rapidly  as  it  would  if  there  were  no  pressure  being  produced. 
When  such  a  circuit  is  opened  there  will  be  an  electrical  pressure 
produced,  but  its  direction  will  be  just  the  reverse  of  what  it  was 
when  the  circuit  was  closed  or  its  direction  will  correspond  to  the 
direction  of  the  current.     Thus,  this  electrical  pressure  produced  in 
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Fig.  2»1 — Principle  oj  high-tenalon  ignition 


a,  circuit  due  to  any  change  in  tbe  value  of  the  current  in  the  circuit 
is  always  in  such  a,  direction  as  to  tend  to  prevent  any  change  tailing 
place  in  the  value  of  tbe  current.  An  electrical  circuit  in  which 
there  is  an  electrical  pressure  produced  when  there  is  a  change  of 
current  in  tbe  circuit  is  said  to  possess  self -inductance.     The  value 
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of  tlie  self -inductance  of  a  coil  trill  depend  upon  the  number  of  turns 
in  the  coil,  th«  size  of  tbe  turns,  the  length  of  the  coil  and  the  kind 
of  material  forming  the  core. 

If  an  electrical  circuit  containing  considerable  self-indoctance  be 
quickly  opened,  there  will  be  s,  tendency  for  the  current  to  drop  to 
zero  Talue  instantly,  which  would  result  in  the  magnetic  field  about 
the  circuit  being  destroyed  in  a  like  time.  Thia  change  in  circuit 
and  magnetic  field  does  not  take  place  instantly,  because,  aa  tba 
magnetic  field  decreases  in  value  there  is  a  pressure  produced  which 
tends  to  maintain  or  prolong  the  current.  The  value  of  thia  pressure 
Djay  be  many  times  the  value  of  the  pressure  of  the  source  of  energy 
and  as  a  result  it  nill  be  ample  to  maintain  an  electrie  aj'e  between. 
the  two  points  where  the  circuit  is  being  broken.    The  duration  of 


ConKurATofc.' 
Fig.  292 — Four-ci/linder,  hiffli-tenaion  iffni 


this  high  pressure  is  determined  by  the  time  required  for  the  mag- 
netic field  to  be  reduced  to  zero  value. 

The  rapidity  with  which  the  current  in  a  circuit  cont^nlng  in- 
ductance builds  up  in  value  when  the  circuit  is  closed  and  decreases 
in  value  when  the  circuit  is  opened  depends  upon  tbe  relation  between 
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the  Inductance  of  the  ciri:uit  and  the  resistance  of  tbe  circuit.  The 
larger  the  resiBtauce  and  the  amaller  the  inductance,  the  leas  the 
time  required  for  a  certain  change  in  the  value  of  the  current  to 
take  place.  Thna  the  current  in  a  certain  circuit  might  build  up  in 
accordance  with  the  curve.  A,  shown  in  Fig.  294,  in  nhich  the  height 
of  the  curve  above  the  horizontal  repreaenta  the  value  of  the  current, 
and  the  distance  along  the  horizontal  correeponda  to  time.  If  the 
reaiatance  of  the  circuit  be  increased  the  current  will  rise  in  value 
more  rapidly,  but  it  will,  however,  not  reach  as  high  a  maximum 
value.  The  operation  of  the  coil  ma?  be  such  that  the  circuit  ia 
dosed  ool;  for  the  time,  T,  as  shown  in  figure  and  in  such  a  caae 


Fig.  293 — Ittustraliott  o}  principle  0/  make-and-breah  spark  coil 

the  value  of  the  current  in  the  circuit  with  the  resistance  in  series 
will  be  greater  than  without  the  resistance.  Hence  it  ia  aometimea 
possible  to  improve  the  operation  of  a  coil  bj  placing  a  resistance  in 
series  with  it  and  tbus  increase  tbe  rapidity  with  which  the  current 
builds  up.  The  effect  of  the  resistance  on  tbe  decay  of  the  current  ia 
to  cause  tbe  current  to  drop  off  in  value  more  rapidly. 

The  magnetic  field  surrounding  the  coil  represents  a  certain 
amount  of  stored  energy  and  it  ia  this  energy  which  is  transformed 
into  electrical  energy  when  tbe  circuit  is  broken,  and  then  in  turn 
converted  into  heat  In  the  deetric  are  at  the  point  oi  break.  The  ' 
greater  the  inductance  of  the  coil  and  tbe  larger  the  value  of  the 
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current  the  greater  the  amount  of  energy  stored  in  the  magnetic 
field.  There  is,  however,  a  limit  to  the  amount  of  energy  required 
in  the  spark  and  it  is  not  economy  to  design  the  coil  so  as  greatly 
to  exceed  this  value. 

Fundamental  Principles  of  Jump-Spark  Coil 

The  construction  of  a  typical  jump-spark  coil  is  shown  in  Fig.  295. 
It  consists  of  two  coils  about  an  iron  core.  One  of  these  coils,  called 
the  primary,  is  connected  in  series  with  a  source  of  energy  and  a 
vibrator  similar  in  principle  to  those  used  on  an  electric  door  bell. 
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Fig.  294 — Curves  ahotoing  the  relation  between  current  and  time  in 
an  inductive  circuit  while  current  is  increasing 


The  second  coil,  called  the  secondary,  is  wound  outside  the  primary 
and  it  consists  of  a  relatively  large  number  of  turns  as  compared  to 
the  primary  and  of  much  smaller  wire. 

Any  variation  in  current  in  the  primary  winding  will  cause  a 
change  in  the  magnetic  field  within  the  secondary  winding  which 
will  result  in  an  electrical  pressure  being  produced  in  the  secondary 
winding  while  the  change  in  magnetic  field  is  taking  place.  In  the 
operation  of  the  coil,  the  circuit  is  controlled  by  a  contact  which  in 
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turn  is  opened  and  cloaed  at  &  definite  time  in  relation  to  the  posi- 
tion of  tbe  piston  in  the  cylinder  of  tbe  engine.  When  thia  contact 
ib  closed,  the  current  immediately'  builds  up  in  the  primary  winding 
and  of  course  magnetizes  tbe  soft-iron  core.  Tbe  iron  core  then 
attracts  the  iron  armature  or  hammer,  and  it  is  drawn  toward  the 
core,  wbicb  causes  the  electrical  circuit  to  b«  opened  at  tbe  contact 
on  the  end  of  contact  screw.  As  soon  as  tbe  primary  circuit  is 
opened,  the  armature  returns  to  its  normal  position,  since  there  is 
not  suffleient  current  to  magnetize  the  iron  core.  Just  as  soon, 
however,  as  the  electrical  current  is  again  closed  at  tbe  end  of  the 
contact  screw,  assuming  the  other  contacts  are  closed,  the  above  op- 
eration will  be  repeated.     Many  cycles  of  this  operation   may  be 


Fig.  295 — Construction  0/  lypUiai  jump-apark  cott 

completed  during  the  time  tbe  contact  in  tbe  primary  which  is  con- 
trolled by  the  gas  engine — the  timer — is  closed. 

While  the  magnetic  field  within  the  secondary  winding,  doe  t«  the 
primary  current,  is  building  up  in  value,  there  will  be  an  electrical 
pressure  produced  in  the  secondary  winding  and  its  direction  will 
be  such  as  to  produce  a  current  which  tends  to  oppose  tbe  change 
ir.  the  magnetic  fleld.  Likewise,  when  tbe  magnetic  field  in  tbe  sec- 
ondary is  decreasing  in  value,  there  will  be  an  electrical  pressure 
produced  and  its  direction  ivill  be  such  as  to  produce  a  current  which 
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tends  to  oppose  any  change  in  the  magnetic  field.  It  is  thus  seen 
that  the  building  up  and  decaying  of  the  current  in  the  primary 
winding  causes  an  alternating  pressure  to  be  produced  in  the  sec- 
ondary winding.  The  value  of  this  pressure  in  the  secondary  will 
depend  upon  how  rapidly  the  magnetic  field  is  changing  and  the  num- 
ber of  turns  in  the  secondary  winding.  The  change  in  the  magnetic 
field  depends  upon  the  time  constant  of  the  primary  winding,  that 
ia,  the  relation  between  the  inductance  and  the  resistance  of  the 
primary  winding.  The  more  rapidly  this  magnetic  field  can  be 
changed  in  value,  the  greater  the  pressure  induced  in  the  secondary 
winding. 

Purpose  of  Condenser  in  Jump-Spark  Coil 

The  condenser  used  in  combination  with  a  jump-spark  coil  acts  as 
an  electrical  shock  absorber.     It  is   connected   across  the  breaker 


Fig,  296 — Hydraulic  analogy  of  the  condenser  across  breaker  con- 
tacts 


contacts  and  when  they  open,  the  energy  which  would  normally  go 
into  the  arc  is  stored  in  the  condenser,  thus  eliminating  the  serious 
troubles  due  to  the  arc.  The  current  in  the  primary  circuit  is  re- 
duced to  zero  more  quickly  and  a  higher  voltage  is  produced  in  the 
secondary  winding. 

The  operation  of  the  condenser  might  be  compared  to  the  opera- 
tion of  a  diaphragm,  B,  stretched  across  a  tank  or  pipe  connected 
around  a  valve,  V,  as  shown  in  Fig.  296.  If  the  valve  be  suddenly 
closed  the  diaphragm  relieves  the  strain  on  the  valve  to  a  great  ex- 
tent and  thus  allows  the  flow  of  liquid  to  be  reduced  to  zero  in  a 
shorter  time  than  it  could  be  if  no  diaphragm  were  used. 


CHAPTER  XXn 

The  Magneto 

EARLY  forms  of  ignition  devices  depended  upon  the  primary  cell 
entiretj  as  a  sonrce  of  electrical  energy,  but  it  naa  found  to  be 
inadequate  to  meet  the  requirement  imposed  upon  it  by  the  motor 
cor  mauiifacturers,  who  demanded  as  reliable  a  source  of  energy 


<  possible  to  obtain.  The  nae  of  the  storage  battery 
some  of  the  disadvantages  of  the  primary  cells,  but 
the  storage  batteries  had  to  be  removed  from  the  cars  for 
charging.  The  storage  battery,  however,  did  not  eatisfac- 
torily  meet  the  demands,  and  as  a  result  the  magneto  was 
developed  and  applied  to  the  motor  car  engine.     Later,  how- 
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ever,  suitable  charging  generators  and  regulating  devices  were  de- 
veloped, by  which  the  storage  battery  could  be  kept  in  a  condition 
of  charge  without  being  removed  from  the  car,  and  it  is  at  present 
used  as  widely  as  any  source  of  electrical  energy  for  mottfr  car 
engine  ignition. 

Fundamental  Principle  of  Magneto 

The  fundamental  principle  upon  which  the  magneto  operates 
may  be  explained  by  reference  to  Fig.  297.  A  magnetic  field  is 
produced  between  the  poles  N  and  S  of  a  strong  permanent  mag- 
net. A  coil  of  wire  C  is  mounted  on  a  suitable  shaft  so  that  it 
may  be  revolved  in  the  magnetic  field  of  the  magnet.    Now,  as 
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Fig.  298 — Curve  showing  variation  in  value  of  electrical  pressure 
produced  in  coil  revolved  in  a  uniform  magnetic  field 


the  coil  of  wire  revolves  the  magnetic  lines  of  force  which  are 
supposed  to  form  the  magnetic  field  will  be  cut  by  the  sides  of  the 
coil  and  as  a  result  an  electrical  pressure  will  be  produced  in  each 
of  the  two  halves  of  each  turn  of  the  coil.  The  value  of  this  pres- 
sure in  any  one  of  the  wires  at  any  instant  will  depend  upon  the 
rapidity  with  which  the  wire  is  moving  across  the  magnetic  lines 
in  a  direction  perpendicular  to  them  and  also  upon  the  strength 
of  the  magnetic  field  or  the  number  of  lines  of  magnetic  force  per 
square  centimeter.  An  inspection  of  the  figure  will  show  that  the 
two  sides  of  each  of  the  turns  are  moving  parallel  to  the  directioa 
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of  t&e  magnetic  field  wheu  the  plane  of  the  coil  is  vertical,  and 
hence  when  the  cbil  ia  in  this  poeition  ao  electrical  pressure  wUl 
be  prodQced  in  it.  When  the  plane  of  the  coil  is  parallel  to  the 
direction  of  the  magnetic  field  the  two  sides  of  each  turn  are  mov- 
ing perpendicular  to  the  direction  of  the  magnetic  lines,  and 
hence  the  lines  of  force  are  being  cut  at  the  greatest  rate.  It  is 
interesting  to  note  that  the  actual  number  of  lines  of  magnetic 
force  through  the  coil  is  at  a  maximum  when  the  rate  at  which 
the  sides  of  the  coil  are  cutting  the  lines  of  force  is  at  a  mini- 
mum, and  also  that  the  actual  number  of  lines  of  force  through 
the  coil  is  at  a  minimum  of  zero  when  the  rate  of  cutting  is  at  a 
maximum,  or  the  sides  of  the  coil  are  moving  perpendicular  to  the 
direction   of  the  magnetic  field. 

For   positions   intermediate   between   those  referred  to   in  the 


Fig.  299— Iron  tore  /or  magneto 


preceding  lines  the  value  of  the  electrical  pressure  in  the  wind- 
ing coil  will  depend  upon  the  angular  position  of  the  coil  with 
respect  to  a  reference  plane  parallel  or  perpendicular  to  the 
magnetic  Aeld.  The  total  pressure  produced  in  the  coU  at  any 
instant  will  be  equal  to  the  sum  of  the  pressures  produced  in  the 
several  turns  of  the  coil.  The  variation  in  value  of  this  total 
pressure  may  be  represented  graphically  by  a  curve,  such  as  the 
arc  shown  in  Fig.  298.  The  distance  along  the  horizontal  cor- 
responds to  the  magnetic  field,  and  the  distance  of  the  curve 
above  or  below  the  horizontal  line  corresponds  to  the  value  of 
the  electrical  pressure  in  the  coil.  The  direction  of  the  electrical 
pressure  in  the  coil  will  change  during  the  rotation  of  the  coil 
as  the  movement  of  the  two  sides  with  respect  to  the  magnetic 
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field  ehangea.  This  change  takes  place  when  the  electrical  pres- 
sure in  the  coil  is  zero.  The  electrical  preaaure  ia  said  to  be  posi- 
tive for  half  a  revolution  and  negative  for  half  a  revolution.  It 
muat  be  underatood  that  these  terms  are  only  relative,  and  either 
part  of  the  curve  above  or  below  tnaj'  be  considered  the  positive 
portion  and  the  other  part  the  negative  portion,  but  it  ia  common 
practice  to  think  of  tha  upper  portion  as  being  positive  and  the 
lower  portion  negative. 
An  electrical  pressure  of  this  kind  ia  called  an  alternative  pres- 


sure on  account  of  Its  reversing  in  direction,  and  it  would  pro- 
duce an  alternating  current  if  it  were  to  act  on  a  doaed  elec- 

The  time  required  to  complete  one  cycle  is  called  the  period. 
Thus  the  period  of  a  sixty-cycle  current  or  pressure  is  -ft  sec. 
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Each  of  tlie  individual  seta  of  positive  and  negative  values  is 
called  an  alternation. 

Simple  Fana  of  Magneto 

In  the  construction  of  the  magneto  the  coil  of  wire  ia  nound 
on  an  iron  coil  similar  in  form  to  the  one  shown  at  A  in  Fig.  299. 
A  cross-section  through  the  iron  core  and  coil  is  shown  at  B  in 
the  same  figure.  The  iron  core  is  mounted  between  pole  pieces 
fastened  to  the  poles  of  strong  permanent  magnets.    Two  cross- 


Flg.  301 —  Orot*  »ecHo«  o]  magrtttic  cir- 

seetions  of  the  magnetic  circuit  are  shown  in  Figs.  300  and  301 
respectively.  With  this  construction  the  rate  at  which  the  mag- 
netic lines  are  cut  is  quite  different  from  the  case  shown  in  Fig. 
297.  The  magnetic  lines  seem  to  be  carried  around  with  the  iron 
core  toward  the  trailing  tips  of  the  pole  pieces,  as  shown  in  Fig. 
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300,  and  they  then  rather  quickly  change  their  direction  through 
the  coil  around  the  core  as  shown  in  Fig.  301.  The  sudden  change 
in  the  number  of  lines  of  force  through  the  coil  results  in  a  high 
electrical  pressure  being  produced  in  the  ending  of  the  coil.  This 
high  electrical  pressure  is  as  a  rule  quite  desirable,  as  will  be 
explained  later. 

Four  different  positions  of  the  iron  core  are  shown  in  Fig.  302, 
and  directly  beneath  them  is  shown  a  curve  which  represents  the 
variation  in  the  electrical  pressure  for  all  positions  of  the  core. 


Fig,  302 — Variation  in  electrical  pressure  of  magneto  for  different 

positions  of  armature  core 

The  operation  of  the  magneto  as  explained  in  the  previous 
section  depended  upon  the  rotation  of  a  coil  of  wire  in  a  mag- 
netic field,  which  resulted  in  the  various  turns  of  the  coil  cutting 
the  magnetic  lines  of  force  forming  the  magnetic  field,  and  this 
cutting  of  the  magnetic  lines  resulted  in  an  electrical  pr€«sure 
being  produced  in  the  coil.  The  same  results  could  be  obtained 
by  allowing  the  coU  to  remain  stationary  and  by  some  means  in* 
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creasing  and  decreasing,  and  perhaps  building  up,  the  magnetic 
field  through  the  coil  in  the  opposite  direction.  In  this  second 
case  there  would  be  a  relative  movement  of  the  turns  of  the  wire 
forming  the  coil  and  the  magnetic  field,  and  this  is  the  principle 
upon  which  the  inductor  type  of  magneto  operates. 

The  magnetic  field  is  produced  by  strong  permanent  magnets, 
and  a  mass  of  iron  is  rotated  between  the  poles  of  the  magnets 
while  the  winding  is  stationary.  A  good  example  of  a  magneto 
of  this  kind  is  one  manufactured  by  the  K.  W.  Ignition  Co.  The 
moving  element  of  the  magneto  is  called  the  rotor,  and  it  is  shown 
assembled  with  the  coil  in  position  in  Fig.  303.  The  winding  is 
placed  around  the  shaft  and  between  two  blocks  of  laminated 
iron.     These  blocks  of  iron  are  riveted  to  the  shaft  at  right  an- 
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Fi§,  303 — Rotor  and  winding  of  K.  W, 

magneto 


gles  to  each  other.  The  pole  pieces  attached  to  the  end  of  this 
permanent  magneto  are  so  shaped  and  placed  in  such  a  position 
that  the  magnetic  lines  in  traveling  across  from  one  pole  piece 
to  the  other  find  a  path  of  low  magnetic  resistance,  or  reluctance, 
through  the  winding  and  one  end  of  each  of  the  masses  of  iron 
attached  to  the  shaft.    The  value  of  the  magnetic  flux,  or  the  num- 
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faer  of  lines  of  magnetic  force  throngh  tlie  coil,  will  change  as 
tlie  reluctance  of  the  path  in  which  the  magnetic  linea  travel 
changes,  the  flux  increasing  with  a  decrease  in  reluctance  and  de- 
creasing with  an  inerease  in  reluctance.  Each  quarter  turn  of  the 
rotor,  or  each  90  deg.,  the  direction  af  the  magnetic  flux  through 
the  coil  will  be  reversed;  consequently,  an  electrical  wave  of  pres- 
sure equivalent  to  one-half  cycle  will  lie  produced  for  each  quarter 
turn  of  the  rotor.  A  cross-section  through  a  K.  W.  high-tension 
inductor  type  magneto  is  shown  in  Fig.  304. 

Dixie  Magneto 

The  operation  of  the  Dixie  magneto  in  some  respects  is  some- 
what similar  to  the  inductor  type,  but  in  this  ease  the  pole  pieces 
themselves  revolve,  and  they  do  not  reverse  their  polarity  as  in 
the  case  of  the  inductor  type.  The  principle  of  the  Dixie  mag- 
neto may  be  understood  easily  by  an  inspection  of  Fig.  305.  The 
pole  pieces,  as  shown  in  the  figure,  are  one-sided  and  mechanically 
connected  by  a  non-magnetic  section.     Each  pole  piece  will  have 


the  same  polarity  as  the  end  of  the  permanent  magnet  immediately 
behind  it.  This  arrangement  results  in  two  pieces  of  iron  with 
opposite  mt^netic  polarity  revolving  in  a  circle.  A  piece  of  iron 
in  the  shape  of  a  letter  V  has  its  ends  shaped  to  form  an  opening 
in  which  the  pole  pieces  may  revolve.  A  winding  is  placed  about 
the  bottom  of  this  V-shaped  piece  of  iron.    Now,  as  the  pole  piecea 
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ftre  caused  to  revolve,  the  iga^etic  polea  pass  the  enda  of  the 
V-Hhaped  piece,  which  cauaes  the  magnetic  flux  produced  by  theas 
pole  pieces  to  reveise  in  direction  through  the  winding.  i 

This  magneto  is  unique  in  that  the  magnets  Sie  placed  the 
reverse  way  of  the  usual  custom,  at  right  angles  instead  of  parallel 
to   the   rotative  axis. 

Btfkthire  Magneto 

The  Berkshire  magneto  is  a  machine  working  on  eomewhat  the 
■ante  principle.    Two  cuts  of  this  magneto  are  shown  in  Fig.  306. 
Referring  to  the  figure,  the  two  main  poles  of  the  magnets  are 
A  and  B,  while  C  and  D  are  iron  laminations  running  parallel  to 
the  armature   as  shown   in   the  left-hand   figure.      The   rotating 
armature    is    formed    partly 
of    iron   and    partly    of   alu- 
minum.    The   iron   parts  are 
ehown  in  black,  and  for  the 
position     of     the     armature 
shown  in  the  figure  the  mag- 
netic   lines    flow    along    the 
following  path:     From  A  to 
C  through  a  portion  of  the 
armature,     from     C     to     D 
through  the  piece  of  laminat- 
ed iron  upon  which   the  coil 
is     wound,     from     D     to     B 
through    another    section    of 
the  armature  and  from  B  to 
A  through  the  magneto.     Aa 
the    armature    revolves    and 
the  iron  parts  come  opposite 
the  poles,  instead  of  bridging 
the  gap  between  them  as  sketched,  there  is  no  complete  magnetic 
circuit  through  the  core  of  the  coil.     This  means  that  revolving 
the  armature  continually  makes  and  breaks  the  magnetic  circuit 
through  the  core  of  the  coil. 

Simnu  Magneto 

A  special  feature  of  the  magneto  made  by  the  Simms  Magneto 
Co.  is  the  design  of  the  pole  pieces,  which  have  extensions  on  the 
0dgeB  following  the  direction  of  rotation  of  the  armature.     These 

extended  edges  keep  the  edges  of  the  armature  shuttle  within  th« 
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influence  of  the  pole  pieces  for   all  positions  from   full   retard   to 
full  advance.    This  results  in  the  shuttle  never  being  widely  sepa- 
rated from  the  pole  pieces  when  the  current  is  broken.     The  shape 
of  these  pole  pieces  is  shown  in  Fig.  307. 

Mea  Magneto 

The  magnets  in  the  Mea  magneto,  instead  of  being  of  horseshoe 
form,  are  bell-ahaped,  as  shown  in  Pig.  308.  The  entire  magnet  is 
carried  in  a  trunnion  mounting  so  that  the  field  magnets  may  be 


turned  to  the  same  extent  that  the  contact  breaker  is  turned  to 
give  the  necessary  advance  or  retard  of  the  spark,  thus  insuring 
that  the  circuit  will  be  broken  with  the  armature  in  the  same  rela- 
tive position  with  respect  to  the  field  poles. 

The  method  whereby  this  is  accomplished  is  shown  in  Fig.  309. 
The  relative  position  of  the  armature  and  field  magnets  are  shown 
for  both  the  full  retarded  and  advanced  positions  of  the  spark. 
The  movement  of  the  magnets  is  against  the  direction  of  rotation 
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of  the  armature  when  advancing  the  spark  and  in  ihe  direction 

of  rotation  of  the  armature  when  retarding  the  spark. 

Low-Teosion  Magneto 

The  low-tension  magneto,  as  its  name  indicates,  is  one  in  which 
an  electrical  pressure  of  relatively  low  value  is  produced  when 
the  armature  of  the  magneto  is  driven  at  ordinary,  or  work- 
ing, speed.  The  winding  of  this  type  of  magneto  consists  of  a 
single  coil  of  rather  large  wire,  something  like  a  No.  18  Bands- 
gage.  The  volume  of  current  Huch  a  magneto  is  capable  of  sup- 
plying is,  of  course,  greater  than  the  current  a  high-tension  type 
can  supply,  but  this  current  is  supplied  at  a  relatively  low  volt- 
age, so  that  the  actual  outpnt  of  the  two  types  of  magneto  maj; 


Fig.  307— ffhopB  0/  pole  pieoet  for  Bimmi  magneto 

be  practicallf  the  same.  The  low-tension  magneto  is  nsed  with 
the  make-and -break  system  of  ignition  its  winding  being  con- 
nected directly  in  series  with  the  ignitor  points  and,  perhaps,  an 
inductive  coil,  sometimes  called  a  kick  coil,  which  intensifies  the 

Since  the  electrical  pressure  generated  in  the  winding  of  the 
low-tension  magneto  is  so  low,  it  is  impossible  to  use  such  a  mag- 
neto with  jump -spark  ignition  systems  without  increasing  the 
voltage  by  an  induction  coil.  Magnetos  of  the  low-tension  type 
then  always  are  used  with  all  induction,  just  as  the  battery  is 
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combined  with  the  induction  coil,  when  t^hey  are  used  in  supply- 
ing current  for  jump-spark  systems  of  ignition. 

The  application  of  the  low- tension  magneto  is  shown  diagram- 
ma  tically  in  Fig.  310.  A  sectional  view  of  a  low- tension  magneto 
is  shown  in  Fig.  311.  Each  of  the  most  important  parts  is  given 
its  proper  name. 

The  purpose  of  the  high-tension  distributor  shown  in  Fig.  310 
and  311  is  to  distribute  the  high-tension  current  from  the  high- 
tension  coil,  shown  at  the  right  of  Fig.  310,  to  various  spark  plugs 
when  the  interrupter  breaks  the  primary  circuit  of  the  coil,  which 
includes  the  winding  of  the  magneto.  The  distributor  brush  should 
be  making  contact  with  or  directly  opposite  one  of  the  segements 
connected  to  the  spark  plug  wire  terminals  when  the  primary  cir- 
cuit of  the  high-tension  coil  is  broken.  The  distributor  usually  is 
mounted  on  the  mag- 
neto and  geared  to  the 
armature  shaft  in  order 
that  the  position  of  the 
distributor  arm  and  the 
cam,  relative  to  each 
other  in  their  respective 
cycles  of  operation,  be 
practically  the  same,  ex- 
cept for  the  advancing 
or  retarding  of  the 
spark. 

As  the  cam  on  the  end 


Fig,    308 — Bell-shaped    magnet 
for  Mea  magneto 


of  the  armature  shaft  shown  in  Fig.  311  rotates,  it  raises  the  inter- 
rupter, or  breaker  arm.  A,  twice  each  revolution,  and  this  causes  the 
primary  circuit  of  the  high-tension  coil  to  be  opened  suddenly,  which 
results  in  a  high  electrical  pressure  being  induced  in  the  secondary 
winding,  provided  the  break  in  the  primary  circuit  occurs  when  the 
armature  is  in  such  a  position  as  to  have  a  rather  high  electrical 
pressure  induced  in  its  winding.  In  a  four-cylinder,  four-cycle 
engine,  four  sparks  are  required  every  two  revolutions  of  the  engine 
crank;  hence,  the  distributor  will  be  driven  at  half  the  speed  of  the 
engine  crank.  Bince  only  two  sparks  are  possible  with  this  type  of 
magneto  for  each  revolution  of  the  armature,  it  is  necessary  to  drive 
the  armature  at  twice  the  speed  of  the  distributor,  or  at  engine 
ppeed.    In  a  six-cylinder  engine,  the  distributor  shaft  revolves  at  half 
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the  engine  speed,  and  the  armature  shaft  at  one  and  one-half  engine 
speed  in  order  that  the  required  six  sparks  be  produced  for  each  two 
revolutions  of  the  engine  crank. 

High-Tension  Magneto 

The  high-tension  magneto  differs  from  the  low-tension  magneto 
in  only  a  few  particulars.  The  armature  on  the  high-tension 
magneto  is  so  wound  that  a  high-tension  current  may  be  obtained 
from  it  without  the  use  of  a  separate  induction  or  high-tension 
coil.  In  some  types,  this  high-tension  current  is  produced  in  an 
armature  winding  of  many  more  turns  than  is  provided  in  the 
ordinary  low-tension  magneto,  while  in  other  types  a  second 
winding  is  placed  around  the  first,  which  serves  the  same  purpose 
as  the  secondary  winding  of  the  high-tension  coil.  This  secondary 
winding  is  insulated  carefully  from  the  primary  winding,  except 
at  one  end,  where  both  it  and  the  primary  winding  are  grounded. 
A  cross-section  of  a  typical  high-tension  magneto  is  shown  in 
Fig.  312.     PW  is  the  primary  winding,  and  SW  is  the  secondary 


Fig.  309 — Relative  position  of  armature  and  magnets 
for  different  postions  of  spark  in  Mea  magneto 

winding.  The  insulated  end  of  the  secondary  winding  is  insulated 
carefully  and  connected  to  a  metal  collector  ring,  O,  mounted  on 
the  armature  shaft,  and  a  small  carbon  brush,  resting  on  this 
collector  ring,  takes  off  the  secondary  current  and  leads  it  to  the 
distributor  brush,  Z.  A  cross-section  perpendicular  to  the  arma- 
ture shaft  is  shown  in  Fig.  313.  A  simplified  diagram  of  the 
circuits  of  a  high-tension  magneto  is  shown  in  Fig.  314.  The  two 
metal  points  of  the  contact  breaker  normally  are  in  contact.  As 
the  cam  rotates  one  end  of  the  bell  crank  comes  into  contact  with 
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an  extension  on  the  cam,  which  cauaes  the  bell  crank  to  rotate, 
and,  aa  a  result,  the  two  eontacts  are  separated  momentarily. 
The  primary  circuit  thus  is  opened  and  closed  as  many  times  for 
each  revolution  of  the  cam  as  there  are  projections  on  the  cam. 

When  the  primary  circuit  is  opened  suddenly,  an  action  will  be 
taking  place  in  the  aecondary  winding,  very  similar  to  that  taking 
place  in  the  ordinary  high-tenaion  coil.  At  the  aame  time  there 
is  a  change  in  the  magnetic  lines  of  force  through  the  secondary 
winding,  due  to  a  change  of  current  in  the  number  of  magnetic 
lines,  which,  in  turn,  is  due  to  the  rotation  of  the  armature  in  the 
magnetic  field,  which  serves  to  increase  the  action  taking  place 
iu  the  secondary  winding. 

The  purpose  of  the  condenser,  J,  in  Fig.  312  ia  to  canse  the 
current  in  the  primary  winding  to  decrease  in  value  in  a  shorter 
time  when  the  primary  circuit  is  opened  than  it  would  otherwise, 

■wroes  TO 
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and  at  the  same  time  to  reduce  greatly  the  amount  of  arcing  at 
the  breaker  contact  points.  In  some  types  of  magnetos  this  con- 
denser is  mounted  inside  the  Qagneto  armature,  white  in  other 
types  it  is  outside  the  armature. 

Safety  Gap 

A  device  called  a  safety  gap  is  provided  on  high-tension  mag- 
netos, whose  function  is  somewhat  similar  to  a  safety  valve. 
If,  for  example,  one  of  the  hi^h-tension  leads  from  the  distributor 
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to  the  apark  plugs  should  become  detached  ao  that  the  path 
through  which  the  high-tension  current  ordinarily  would  flow 
would  be  open,  then  a  very  high  voltage  would  be  acting  on  the 
insulation  and  the  insulation  might  be  damaged  seriously  unless 
some  easier  path  be  provided  for  it  to  escape  through.  A 
magneto,  of  course,  must  be  capable  of  generating  a  hot  spark 
at  slow  engine  speeds,  and  this  results  in  a  very  high  voltage 
spark  being  produced  at  high  engine  speeds. 


The  value'  of  the  electrical  pressure  produced  in  the  secondary 
winding  is  limited  by  the  distance  between  the  spark  plug  points 
and  the  degree  of  compression  in  the  engine  cylinder.  If  these 
points  are  not  in  circuit,  as  previously  explained,  due  to  a  broken 
or  loose  secondary  wire,  or  if  they  are  loose  or  apart,  a  very  high 
voltage  will  be  induced  in  the  seeondary  winding.  The  possibility 
of  such  a  destructive  high-tension  voltage  being  generated  in  the 
secondary  winding  is  prevented  by  connecting  across  the  terminals 
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of  the  seconiiary  winding  an  auxiliary  gap,  as  shown  in  Figs.  313 
and  313.  The  gap  between  the  two  terminals  Zl  and  Z2  is  longer 
than  the  gap  between  the  terminals  of  the  aparic  plug  and  ordi- 
narily no  spark  will  pass  between  these  terminals,  but  should  one 
of  the  aeeondarj  circuits  from  the  distributor  be  opened  aeci- 
dentally  the  electrical. pressure  in  the  secondary  winding  will 
bu^d  up  to  a  value  just  sufficient  to  jump  the  safety  gap  and 

The  V-sbaped  piece  is  so  arranged  that  it  may  be  turned  through 
a  small  angle  relative 
to  the  permanent  mag- 
nets. The  object  of 
this  ia  to  obtain  the 
same  intensity  of 
sparb  for  all  positions 
}f  the  spark.  Thus 
when  the  breaker  is 
rotated   by   the   spark 

retarding  the  spark, 
the  coil  and  piece  of 
wire  on  which  it  ia 
wound  ia  rotated  on 
the  aame  turn  and  ex- 
actly the  same  amount 
ao  that  the  aame  mag- 
netic conditions  are 
maintained, 

Friction-DriTe 
Magneto 

Fig.     313-Cros«-»ec(ton     of    tvp'ca!  The  very  early  forma 

high-tension     mayneto     perpendicular  ,  /  '      ,  . 

to  the  armature  shajt  "^  magnetos  were  dnv-  , 

en  by  a  small  fric- 
tion wheel  mounted  on  the  end  of  the  magneto  shaft,  and  the 
magneto  waa  ao  arranged  and  mounted  that  thia  wheel  rested 
against  the  surface  of  some  revolving  portion  of  the  engine,  usu- 
ally the  flywheel.  In  these  cases  it  was  not  necessary  that  there 
be  any  definite  relation  between  the  speed  of  the  engine  and  the 
speed  of  the  magneto.    The  principal  difficulty  was  the  dangers  re- 


' 
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suiting  from  excessive  speeds,  and  this  was  overcome  by  combin- 
ing a  governor  with  the  friction  wheel  in  such  a  way  that  the 
driving  action  ceased  when  the  speed  of  the  magneto  armature 
exceeded  a  predetermined  maximum  for  which  the  governor  had 
been  adjusted.  A  magneto  fitted  with  a  friction  drive  and  gov- 
ernor is  shown  in  Fig.  315.  A  belt  sometimes  is  used  in  driving  a 
magneto  but  in  no  case  where  the  speed  of  the  magneto  and  engine 
must  bear  a  definite  relation  to  each  other. 

Gear-  and  Chain-Drive  Magnetos 

In  all  cases  when  it  is  necessary  that  the  speed  of  the  magneto 
armature  bear  a  definite  relation  to  the  speed  of  the  engine  shaft, 
it  is  necessary  to  make  use  of  either  the  chain  or  gear  methods 
of  driving.     Gear  drive  is  used  more  than  the  chain  drive,  and 


Fig.  314 — Simplified  diagram  of  the  circuits  of  a  high-tenaion 

magneto 


the  gears  usually  are  made  an  integral  part  of  the  engine,  or  the 
same  gears  that  are  used  in  driving  the  pump  or  camshaft  may  be 
used  in  driving  the  magneto.  Two  typical  methods  of  mounting 
and  driving  a  magneto  by  gears  are  shown  in  Figs.  316  and  317. 
It  is  customary  to  mount  the  magneto  on  a  bracket  which  is  a 
part  of  the  engine  base  or  to  provide  a  suitable  mounting  by  bolt- 
ing a  bracket  to  the  engine  base.    Several  methods  of  fastening 
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the  magneto  in  position  are  shown  in  Fig.  318.  It  always  is  best 
when  possible  to  place  the  magneto  on  the  inlet  side  of  the  engine 
and  as  far  away  from  the  exhaust  pipe  as  possible,  because  the 
excess  heat  is  likely  to  seriously  injure  the  insulation.  A  flexible 
coupling  usually  is  provided  between  the  magneto  and  driving 
shaft  to  take  care  of  any  slight  improper  alignment  of  the  two 
with  respect  to  each  other. 

When  the  magneto  is  driven  by  a  chain,  some  means  must  be 
employed  to  keep  the  chain  tight  to  keep  the  armature  of  the 
magneto  and  the  engine  shaft  always  in  their  proper  relation. 

Impulse  Starters 

The  impulse  starter  is  a  special  form  of  coupling  which  operates, 
in  brief,  as  follows:     The  armature  of  the  magneto  is  connected 


/ 
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Fig.  315 — Friction-drive  magneto  with  governor 


to  the  driving  shaft  by  a  spring,  and  in  starting  the  magneto  arma- 
ture is  prevented  from  rotating,  which  results  in  the  connecting 
spring  being  compressed  or  wound  up  as  the  driving  shaft  rotates. 
After  the  driving  shaft  has  revolved  a  certain  angular  distance, 
the  armature  of  the  magneto  is  released,  and  it  jumps  forward 
under  the  influence  of  the  spring  until  it  is  caught  again  and  the 
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cycle  of  operations  repeated.  During  the  rapid  rfiovement  of  the 
armature,  the  magnetic  lines  of  force  will  be  cut  at  a  high  rate, 
which  will  result  in  a  high  electrical  pressure  being  produced  in 
the  armature  -wiDding,  B7  properly  connecting  the  magneto  gears 
to  the  engiue,  this  high  electrical  pressure  may  be  produced  just 
at  the  instant  that  a  apaik  is  desired  in  one  of  the  cylinders. 

The  operation  of  a  device  of  this  kind  as  made  by  the  Eisemann 
company  may  be  explained  by  reference  to  the  three  cuts  shown 
in  Fig.  319.  The  coupling  consists  of  two  parts,  a  tube,  A,  which 
is  the  driving  member,  and  an  inclosing  cup,  B,  which  is  the  driven 
member,  the  two  being  connected  by  a  spring.  There  is  a  loose 
ring,  C,  within  the  cup,  which  is  known  as  the  trigger,  and  it  has 
a  lip  which  extends  through  a  slot  cut  in  the  periphery  of  the  cup. 
Mounted  directly  beneath  the  coupling  is  a  notched  bar,  which  ts 
BO  placed  that  the  notch  is  in  line  with  the  slot  in  the  cup  so  that 
the  trigger  drops  down  under  the  action  of  gravity  and  holds  the 
cup  from  rotating.  This  condition  ia  shown  in  the  ring,  C,  Fig. 
319.    On  the  outside  of  the  trigger  ring  there  is  a  cam  which  en- 


Fig,  316 — Magneto  driuen  Jrom  Hmlnjf  pears 

gages  a  corresponding  cam  cut  in  the  driving  tube.  After  the  lip 
on  the  trigger  has  become  engaged  with  the  notch  in  the  notched 
bar,  as  shown  in  C,  the  tube  A  continues  to  rotate  and  causes  the 
spring,  which  is  held  between  a  driving  pin,  E,  attached  to  the 
tube  A  and  a  block  fixed  to  the  cup  B  to  be  compressed.  At  a  pre- 
determined point,  the  cam  on  the  trigger  ring  engages  the  cam  on 
the   tube   A   and   lifts   the   trigger   high   enough    for   the  lip   to 
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disengage  the  notched  bar,  and  the  compression  of  tlie  spring 
spine  the  cup  around  at  a  momentarily  high  speed  in  a  doclfwise 
direction.  This  momentary  high  speed  gives  a  very  hot  spark  and 
may  be  equivalent  in  intensity  to  one  obtained  under  ordinary 
eonditiona  at  an  engine  speed  of  several  hundred  revolutions  per 
minute. 

At  slow  speeds  the  cup  is  caught  again  and  again  as  the  driving 
member  of  the  coupling  i^auses  it  to  rotate,  but  when  the  speed 
has  attained  a  certain  value,  the  trigger  ring  by  its  own  weight 
becomes  a  ving  governor  and  the  centrifugal  farce  keeps  the  lip 
from  dropping  down  the  slot  in  the  tube  B.  A  small  lug  on  the 
inside  of  the  trigger  ring  in  line  with  the  lip  and  on  the  same  side 
engages  a  notch  in  the  tube  A  and  thus  provides  a  positive  drive 
so  long  as  the  speed  is  maintained. 

Sumpter  Impulse  Starttf 

An  impulse  starter  as  made  by  the  Sumpter  Electrical  Co.  is 
shown  in  Fig.  320,  It  consists  of  a  notched  member,  A,  fast- 
ened to  the  end  of  the  armature  shaft,  and  a  driving  member,  B, 


Ftg.  317— Jtfopneio  ifriiJ«n  bv  extenaion  oj  pump  ihalt 

which  has  two  small  extensions  on  its  outer  surface  directly  oppo- 
site each  other.  These  two  members  are  connected  by  springs  as 
shown  in  Fig.  321,  which  also  shows  method  of  replacing  springs. 
A  small  pin  extends  from  the  surface  of  the  member  B  into  the 
opening  between  the  ends  of  the  two  springs.    The  short  spring 
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acts  as  a  bumper  spring  and  tends  to  absorb  the  shock  of  the 
longer  spring  when  the  armature  of  the  magneto  is  driven  forward 
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Fig,  318 — Typical  methods  of  holding  magnetos  in  place 

suddenly.  A  pawl,  C,  is  mounted  in  such  a  position  that  it  will 
engage  the  notches  in  the  outer  surface  of  the  driven  member,  A, 
as  this  member  tends  to  rotate,  provided  the  end  of  the  pawl  is 
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turned  ao  that  the  action  of  the  spriug  tends  to  press  it  down  on 
the  outer  surface  of  the  member  A.  Assuiniag  the  pawl  is  en- 
gaged in  one  of  the  notchea  ia  the  member  A  and  that  the  mem- 
ber B  is  rotating,  then  the  long  spring  will  be  compresBed.  Aa  the 
member  B  rotates,  one  of  the  extensions  will  move  under  the  end 


of  the  pawl  and  raise  it  out  of  the  notch  in  the  member  A  and 
allow  the  member  A  to  rotate  momentarily  at  high  speed  until  it 
automatically  restores  the  pawl  to  the  operating  position  when  the 
speed  drops  below  a  certain  value. 

The  shape  of  the  end  of  the  pawl  and  the  slots  in  the  surface  of 
the  member  A  is  such  that  the  pawl  is  thrown  out  with  such  force 
when  the  speed  has  reached  a  certain  value  that  it  becomes  en- 
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tirely  inoperative  as  aliown  in  the  figure.  It  is  then  necessary 
to  press  the  pawl  down  by  hanri.  Thia  restoring  operation,  how- 
ever, is  not  necessary  in  all  models  made  by  the  Sumpter  Electri- 
cal Co.,  as  some  are  provided  with  a  centrifugal  attachment  which 
is  again  caught  by  the  pawl  and  the  operation  repeated. 

Ford  Magneto 

The  coQStruetion  of  the  Ford  magneto  is  radically  different 
from  other  types,  although  the  fundamental  principle  upon  which 
it  operates  is  in  itself  not 
nen.  Instead  of  using  two 
or  three  horseshoe  mag- 
nets as  in  the  ordinary 
magneto  the  Ford  has  six- 
teen permanent  maguete 
arranged  in  a  radial  man- 
npr  with  their  poles  point- 
ing outward  and  all  boltnd 
to  one  surface  of  the  fly- 
wheel as  shown  in  Fig. 
322  Mounted  directly  in 
front  of  these  magnets 
and  separated  by  a  ^  ery 
small  air  gap  are  sixteen 
coils  of  copper  ribbon. 
These  sixteen  coils  are 
mounted  on  a  metal  spider 
which  is  rigidly  attached 
to  the  cranktase  of  the 
L'ngine,  as  shown   in   Ftg. 

323.     The  .pid„  .„d  ,h.  S.f,V.SC:,i'"S 

coils     remain     stationary,  cat  Co. 

and      the      magnets      are  , 

moved  past  the  coils  as  the  flywheel  of  the  engine  is  rotated, 
which  results  in  an  electrical  pressure  being  induced  in  the 
coil  windings.  These  coils  all  are  connected  in  series  and  in 
such  a  manner  that  the  pressure  induced  in  them  is  additive  so 
far  as  the  citernal  circuit  ts  concerned.  One  terminal  of  the  cir- 
cuit if  grounded  and  the  other  terminal  connected  to  a  metal  ring. 
A  bruBh  is  mounted  in  the  upper  part  of  the  flywheel  case  and  in- 
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Fig.  S22 — Permanent  magnets  of  Ford  magneta 
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Flo.  323 — Fori  magneto  initalled  on  engine 
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Bulat«d  from  it,  irhicb  makee  continuous  contact  with  the  juer*. 
mentioned  ring.  The  mounting  of  this  brush  b  provided  with  a 
binding  post  outside  of  the  flywheel  case,  which  forms  one  ter- 
minal of  the  magneto  winding. 

The  complete  Ford  magneto  ignition  system  is  shown,  in  Fig. 
324.  The  four-unit  coil  is  shown  in  the  upper  part  of  the  figure. 
An  inspection  of  the  figure  will  show  the  following  connections: 
A  wire  leading  from  the  collector  brush  on  the  magneto  to  one  of 
the  lower  binding  posts  on  the  back  of  the  coil ;  four  primary 
vires  leading  from  four  binding  posts  on  the  back  of  the  coil  to 
four  binding  posts  on  the  low-tension  timer,  and  four  high-tenBian 
cables  leading  from  four  binding  posts  on  the  back  of  the  coU  to 
the  four  spark  plugs.  The  timer  is  mounted  on  the  forward  end 
of  the  engine  and  driven  from  the  camshaft  gears. 

The  wiring  diagram  of  the  Ford  ignition  system  is  shown  in  Fig. 


Fig.  32H — Wiring  (Haaram  of  Ford  (pniHon  syslem 


325.  The  switch  located  in  the  lead  running  from  the  magneto  to 
the  coil  may  be  so  arranged  that  a  primary,  or  storage,  battery 
may  be  used  in  place  of  the  magneto  in  supplying  current  for 
ignition  purposes.  The  timer  is  shown  directly  above  the  gen- 
erator and  the  firing  order  of  the  different  cylinders  may  be  deter- 
mined by  tracing  out  the  low-tension  wires  to  the  different  pri- 
mary windings  and  the  corresponding  high-tension  wires  to  the 
different  coUs. 


398         El^CTRICAL  EQUIPMENT  OF  THE  MOTOR  CAR 

The  current  such  a  magneto  supplies  is,  of  course,  an  alternating 
current,  and  it  completes  sixteen  complete  cycles  for  each  revo- 
lution of  the  flywheel  of  the  engine.  It  may  happen  that  the 
timer  contacts  are  closed  when  the  electrical  pressure  in  the  mag- 
neto winding  is  zero  or  very  low  in  value,  and  if  such  is  the  case 
sufficient  current  will  not  be  produced  in  the  primary  winding 
Cx  the  induction  coil  to  cause  its  armature  to  vibrate  and  produce 
a  spark.  This  results  in  the  spark  not  being  uniformly  advanced 
or  retarded  as  the  timer  is  moved  by  means  of  the  spark  lever,  which 
doubtless  accounts  for  the  fact  that  the  engine  often  will  be 
found  to  operate  much  better  with  the  timer  advanced  but  a 
part  of  its  maximum  travel  instead  of  the  total  amount  possible 
as  in  the  case  of  the  ordinary  magneto  and  battery  systems. 

Spark  Timing 

The  power  output  of  a  gasoline  engine  depends  on  the  mean 
effective  pressure  developed  in  the  engine  cylinders.  The  value 
of  the  mean  effective  pressure  is  effected  by  three  principal  fac- 
tors: First,  the  compression  to  which  the  gaseous  mixture  in  the 
cylinders  is  compressed  by  the  piston  on  its  upward,  or  compres- 
sion, stroke  just  before  firing;  second,  the  exact  time  of  the  igni- 
tion spark  in  relation  to  the  position  of  the  piston,  and  third,  th& 
length  of  the  stroke  of  the  engine  cylinder.  It  is  readily  seen  that 
it  is  the  second  factor  of  the  above  three  which  concerns  the  prob- 
lem of  ignition.  To  obtain  the  best  results,  the  ignition  of  the 
gaseous  mixture  must  take  place  at  the  time  of  maximum  com- 
pression, which  corresponds  to  the  uppermost  position  of  the  piston. 

Since  there  is  both  a  mechanical  and  electrical  lag  in  the  re- 
sults obtained  from  the  ignition  spark,  it  is  readily  seen  that 
the  same  setting  of  the  spark  which  will  give  maximum  efficiency 
at  say  500  r.p.m.  will  be  quite  a  bit  too  late  for  a  speed  of  1000 
r.p.m.,  and  the  spark  would  not  then  take  place  until  the  piston 
had  started  on  its  downward  stroke  and  the  pressure  had  dropped 
considerably,  causing  a  very  noticeable  loss  in  power.  Likewise, 
if  an  attempt  be  made  to  run  the  engine  at  a  slow  speed  with  the 
spark  accruing  at  a  time  which  gives  the  best  results  for  high 
speed,  there  will  be  a  marked  loss  in  power,  due  to  the  fact  that 
the  explosion  of  the  gaseous  mixture  takes  place  against  the  rising 
piston.     This  condition  of  affairs  is  indicated  by  a  decided  ham- 
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nieriug  Bouod  ia  the  engine  cylinders.  In  the  majority  of  ignition 
Bjstemi  means  are  provided  for  advancing  and  retarding  the  time 
of  the  spark  in  relation  to  the  position  of  the  piston.  'DbiR  change 
In  spark  position  in  the  great  majority  of  systems  is  accomplished 
by  moving  a  lever,   called   the  spark  lever,  which   is  within   easy 


FiB.  3S6 — £l9cmonn  device  Jor  advancing  and  retardlnff  apart 


Ffir.  S27 — Biiemann  hlgh-li 
Ing  de 

reach  of  the  operator,  while  in  some  it  is  accomplished  by  an 
automatic  device  whose  operation  usually  depends  on  the  cen- 
trifugal action  on  one  or  more  weights.  In  some  cases  the  auto- 
matic and  manual  means  are  combined,  and  in  a  few  no  means  of 
changing  the  position  of  the  spark  is  provided  at  all. 
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A  centrifugal  device  for  advancing  and  retarding  the  spark 
automatically  as  conditions  may  require  is  shown  in  Fig.  326.  The 
complete  magneto  with  the  automatic  timing  device  is  shown  in 
Fig.  327. 
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Fig,  328 — C/iart  /or  determining  relation  "between  spark  advance  and 

piston  travel 
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A  convenient  chart  for  determining  the  relation  between  the 
spark  advanced  in  degrees  for  different  piston  strokes  in  inches 
with  engines  having  strokes  varying  from  3  to  8  inches  is  shown 
in  Fig.  328.  The  chart  may  be  used  as  follows:  Assuming  the 
spark  is  to  be  advanced  30  degrees  in  an  engine  having  a  6-inch 
stroke,  to  find  the  amount  the  piston  should  travel  trace  the  vertical 
line  corresponding  to  the  stroke  in  inches  until  it  intersects  the 
sloping  line  corresponding  to  the  30 -degree  line,  and  then  follow 
the  horizontal  line  to  the  left,  which  brings  you  out  just  a  little 
below  the  %-inch  division.  The  piston  then  would  have  to  travel 
a  little  more  than  %  inch  below  the  uppermost  position  and  moving 
upward  in  order  that  the  spark  have  a  30-degree  lead. 


T 


CHAPTER  XXm 

Battery-Generator  Ignition 

HE  fundamentftl  principle  of  all  battery  ignition  aystemg,  to- 
gether with  the  main  parts,  is  shown  diagrammaticallj' 
g.  329.  The  electrical  circuits  for  convenience  may  be  spo^n 
the  low-  and  high-tension  circuits,  or  the  primary  and  secon- 


dnry  circuits  respectively.  The  primary  circuit  wjnBiats  Ot  the 
following  main  parts,  starting  at  the  positive  terminal  of  the 
storage  battery  and  tracing  along  the  circuit  in  the  direction  of 
the  curves;    The  low-tenaion,  or  primary,  winding  of  the  induction 
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coil  through  the  stationary  and  movable  interrupter  contacts  and 
back  to  the  negative  or  grounded  terminal  of  the  battery.  The 
high-tension  circuit  consists  of  the  following  parts:  Starting  with 
the  ground  connection,  you  pass  through  the  high-tension,  or  sec- 
ondary, winding  of  the  induction  coil  to  the  center  contact  of  the 
distributor  head,  through  the  distributor  brush  to  the  various  con- 
tact points,  depending  upon  the  position  of  the  distributor  brush, 
to  the  spark  plugs  through  the  spark  gap  and  to  ground.  In  some 
systems  there  is  a  small  gap  between  the  distributor  brush  and  the 
various  contact  points,  and  it  is  necessary  that  this  gap  be  bridged, 
in  addition  to  the  gap  at  the  spark  plugs,  whenever  a  spark  occurs 
in  the  engine  cylinders.  In  the  majority  of  systems,  however,  no 
such  gap  is  provided,  and  the  end  of  the  distributor  brush  makes 
actual  contact  with  the  various  points  which  are  electrically  con- 
nected to  the  spark  plugs. 


Open-  and  Closed-Circuit 

All  battery  ignition  systems  may  be  considered  as  belonging  to 
either  of  two  types  of  systems,  called  the  open-  and  closed-circuit 
types  respectively.  The  distinction  between  these  two  types  may 
be  understood  readily  by  reference  to  the  diagrammatic  representa- 
tion of  each  as  shown  in  Figs.  330  and  331.  In  the  closed-circuit 
system  the  ignition  contacts  normally  are  closed  and  the  operation 
of  the  cam  opens  these  contacts.  The  contacts  are  shown  in  the 
open  position  in  Fig.  330.  In  the  open-circuit  system  the  contact 
points  normally  are  open  and  the  operation  of  the  cam  closes  these 
contacts  directly  or  through  the  intermediate  action  of  a  system 
of  weights  or  levers.  The  operation  of  the  open-circuit  system,  as 
shown  diagrammatically  in  Fig.  331,  may  be  considered  as  taking 
place  as  follows:  The  spring  is  raised  by  the  cam  and  suddenly 
lowered  or  released  and  its  end  strikes  the  end  of  the  spring  carry- 
ing the  movable  contact  and  thus  causes  the  two  contacts  to  be 
momentarily  in  contact  with  each  other.  In  either  system  a  high 
electrical  pressure  will  be  induced  in  the  high-tension,  or  secon- 
dary, winding  of  the  induction  coil  where  the  current  in  the  pri- 
mary winding  is  interrupted,  provided  the  primary  circuit  has 
been  closed  long  enough  to  allow  the  primary  current  to  build  up 
in  value  so  as  to  produce  the  necessary  number  of  lines  of  mag- 
netic force  through  the  secondary  winding. 
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Current  Lag 

The  current  in  the  primary  winding  does  not  build  up  in  value 
to  its  maximum  value  instantly,  but  an  appreciable  time  is  re- 
quired. The  rapidity  with  which  the  current  increases  in  value 
after  the  circuit  is  closed  depends  on  the  relation  between  the 
resistance  and  the  induction  of  the  circuit.  The  higher  the  induc- 
tion and  the  less  th^  resistance,  the  greater  the  time  required  for 
the  current  to  reach  a  certain  value,  or,  in  other  words,  the  slower 
the  current  builds  up  in  value.  The  value  of  the  inductance  of  the 
circuit  in  henries  divided  by  the  resistance  of  the  circuit  in  ohms 
gives  the  numerical  value  of  what  is  called  the  time  constant  of 
the  circuit,  which  is  the  time  required  for  the  current  to  rise  to 
.63  of  its  maximum  value.  For  example,  if  a  circuit  had  a  resist- 
ance of  2  ohms  and  an  inductance  of  .0005  henry  its  time  con- 
stant would  be  equal  to  .00025.  If  a  pressure  of  6  volts  be  im- 
pressed on  this  circuit  the  maximum  current  would  be  equal  to  six 
divided  by  two,  or  3  amperes,  and  the  current  would  reach  a  value 
cf  1.99  amperes  in  .00025  second  after  the  circuit  was  closed. 

Time  Constant 

The  time  constant  of  an  ignition  circuit,  of  course,  can  be 
changed  in  value,  but  it  never  can  be  equal  to  zero,  as  it  is  im- 
possible to  reduce  the  inductance  to  zero.  The  intensity  of  the 
spark  produced  will  vary  its  value  as  the  value  of  the  total  num- 
ber of  lines  of  force  threading  the  secondary  circuit  and  cutting 
the  secondary  winding  when  the  primary  circuit  is  broken  varies 
ill  value.  Hence,  it  is  desirable  to  have  the  primary  current  reach 
as  high  a  value  as  possible  before  breaking  the  primary  circuit. 
In  the  closed-circuit  system  the  primary  circuit  is  opened  a  less 
number  of  times  for  low  engine  speeds  than  it  is  for  high  engine 
speeds,  and  the  duration  in  time  of  each  interval  that  the  circuit 
IS  closed  is  greater. 

The  relation  between  the  time  interval  that  the  circuit  is  closed 
and  the  time  interval  that  the  circuit  is  open  supposedly  is  the 
same-  regardless  of  the  engine  speed.  Since  the  time  intervals 
that  the  circuit  actually  is  closed  at  any  one  time  decreases  a«  the 
speed  of  the  engine  increases,  it  readily  is  seen  that  the  speed  of 
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the  engine  finally  may  reach  such  a  value  that  the  primary  circuit 
may  not  be  closed  long  enough  to  allow  the  primary  current  to  rise 
to  the  necessary  value  to  reduce  the  required  intensity  of  spark. 
As  a  result  of  this  condition  the  current  actually  taken  by  the 
primary  circuit  of  a  closed-circuit  battery  ignitiop  system,  as  indi- 
cated on  a  suitable  ammeter,  decreases  in  value  as  the  speed  of 
the  engine  increases.  The  relation  between  current  and  engine 
speed  for  a  four-  and  six-cylinder  engine  operated  by  a  closed- 
circuit  Atwater  Kent  ignition  system  is  shown  by  the  full  lines 
in  Fig.  332. 
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Fig.  330 — Diagram  of  closed-circuit  system  of  ignitiotij  with  con- 
tacts in  open  position 
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Fig.  831 — Diagram  of  open-circuit  system  of  ignition,  with  con- 
tacts in  open  position 


In  the  open-circuit  type  of  ignition  the  primary  circuit  is  closed 
for  the  same  interval  of  time,  regardless  of  the  engine  speed,  and 
the  primary  current  always  builds  up  to  the  same  actual  value 
each  time  the  circuit  is  closed.  This  results  in  the  electrical  pres- 
sure that  is  induced  in  the  secondary  winding  and  the  spark  being 
practically  the  same  for  all  engine  speeds.  The  current  taken  by 
such  a  system  will  increase  in  value  as  the  speed  of  the  engine 
increases.  The  relation  between  current  and  engine  speed  for  a 
four-  and  six-cylinder  engine  operated  by  an  open-circuit  Atwater 
Kent  ignition  system  is  shown  by  the  dotted  lines  in  Fig.  332. 
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The  behavior  of  the  various  ignition  devices  may  be  investi- 
gated by  a  device  called  an  oscillograph  and  all  well-equipped 
experimental  laboratories  are  equipped  with  one.  By  means  of 
the  oscillograph  the  variation  in  primary  and  secondary  current 
with  respect  to  time  readily  may  be  investigated.  The  results 
of  an  investigation  of  both  closed-  and  open-circuit  types  of  igni- 
tion by  the  oscillograph  are  shown  in  Fig.  333.  The  two  upper 
horizontal  rows  of  curves  are  for  an  open-circuit  type  of  system 
in  which  the  primary  circuit  is  closed  for  the  same  interval  of  time 
each  time  the  circuit  is  closed.    The  upper  row  of  curves  indicates 
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Fig.  332 — tComparative  current  consumption  for  open-  and 

closed-circuit  ignition  systems 

the  same  maximum  value  of  secondary  current,  or  voltage,  for  all 
engine  speeds. 

The  two  lower  Lorizontal  rows  of  curves  are  for  a  closed-circuit 
type  of  system  in  which  the  primary  circuit  is  closed  for  different 
intervals  of  times  each  time  it  is  closed  and  the  engine  speed  is 
different.  For  the  high  engine  speeds  the  primary  current  is  not 
closed  long  enough  for  the  primary  current  to  reach  its  maximum 
value,  and  hence  the  secondary  current,  or  voltage,  is  not  as  high 
as  it  is  at  low  engine  speeds. 
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The  operation  of  the  open-circuit  type  of  interrupter  for  the  K3 
type  of  battery  ignition  system  manufactured  by  the  Atwater 
Kent  Go.  is  in  brief  as  follows:  Four  different  positions  of  the 
interrupter  in  one  of  its  cycles  of  operation  are  shown  in  Fig.  334. 
The  ratchet  A  has  as  many  notches  as  there  are  cylinders  to  be 
fired.  The  ratchet  is  mounted  on  the  central  vertical  shaft  of  the 
device,  which  also  carries  a  distributor  and  in  this  combined  form 
is  known  as  a  unisparker.  On  four-cycle  engines  it  is  driven  at 
half  crankshaft  speed,  on  two-cycle  engines  at  crankshaft  speed. 

The  ratchet  A  engages  the  lifter  B,  and  as  A  rotates  its  teeth 
or  notches  successively  tend  to  draw  B  with  them  against  the 
tension  of  the  spring  0.     In  doing  so  the  head  of  B  strikes  the 
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Fig,  333 — Oscillograma,  ahotoing  variation  in  primary  and  sec-  • 
ondary  currents  for  ignition  systems 

swinging  lever,  or  hammer,  D,  whose  motion  in  both  directions  is 
limited  as  shown,  and  the  hammer  communicates  the  blow  to  the 
contact  spring  E,  bringing  the  contact  points  together  momen- 
tarily. E  is  a  compound  spring,  the  straight  member  of  which 
carries  the  movable  contact,  while  the  stationary  contact  F  is 
mounted  opposite  it.  The  second  member  of  this  compound  spring 
is  curved  at  its -end  to  engage  the  straight  member.  Ordinarily 
the  straight  spring  blade  is  held  under  the  tension  of  the  curved 
blade  and  the  contact  points  are  held  aparh  When  the  curved 
blade  is  struck  by  the  hammer  D  the  points  come  into  contact  with 
each  other.    The  curved  blade,  however,  is  thrown  over  farther  by 
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FiQ.  384 — Diasirama  ahowing  operation  of 


the  impact  and  its  hook  leaves  the  straight  blade.    Upon  readiiDg 
the  limit  of  it8  movement,  it  flies  back  and  strikes  the  end  of  the 


BATTERY -GENERATOR  IGNmON  409 

straight  blade  (t  blow,  caaaing  a  very  sharp  break  of  tlie  circnit. 
TbiB  movement  is  so  extremely  rapid  that  it  cannot  be  detected  by 
the  unaided  eye,  eo  that  its  working  cannot  be  tested  simply  by 
watching  the  operation  of  the  contacts  as  in  the  case  of  a  magneto 
interrupter.  B,  C  and  D  of  Fig.  334  show  the  successive  move- 
ments of  the  parte  during  a  single  cycle.  lu  A  a  notch  of  the 
ratchet  has  engaged  B  and  is  drawing  it  againat  the  tension  of  the 
spring  0.  In  the  second  sketch,  B,  the  hook  is  just  being  released; 
in  C  the  lifter  is  riding  back  over  the  rounded  portion  of  the 


ratchet  and  is  striking  the  hammer  D,  which  in  turn  pushes  E  for 
a  brief  instant  against  F.  The  return  of  B  to  the  position  shown 
in  sketch  D  is  so  rapid  that  the  eye  cannot  follow  the  movement 
of  the  parts  D  and  E,  which  to  all  appearances  remain  stationary. 
Adjustment  of  the  contact  points  is  made  by  removing  one  of 
the  three  washers  from  under  the  head  of  the  contact  screw  F, 
and  the  gap  should  be  .010  to  .012  inch,  never  exceeding  the  latter. 


410  ELECTRICAL  EQUIPMENT  OF  THE  MOTOR  CAR 

Where  more  accurate  means  of  determining  this  dlBtanee  are  not 
available,  it  may  be  gaged  with  a  piece  of  manila  wrapping  paper, 
which  should  be  perfectlj  emooth.     With  the  aid  of  a  micrometer, 
a  sheet  of  paper  of  the  proper  thickness  can  be  selected.     The 
contact  points  are  of  tungsten,  and  as  the  moving  parts  are  all 
of  glass-bard  steel  very  accurately  machined,  the   wear  is  negli- 
gible, so  that  adjustment  is  not  required  oftener  than  once  in 
perhaps     10,000     miles 
and    a   replacement   of 
contact  points  after 
running  perhaps  S0,00O 

In  the  latest  models 

of  this  K3  type  of  igni- 
tion system,  the  con- 
denser is  located  witb- 
in  the  timer- distribu- 
tor unit  and  in  very 
close  proximity  to  tho 
contacts.  The  locatiou 
of  the  condenser  is 
ehown  in  Pig.  335,  and 
the  complete  timer-dia- 
tributer  unit  la  shown 
in  Fig.  336.  This  ar- 
rangement permits  a 
reduction  in  the  size  of 
the  condenser  and  at 
the  same  time  increases 
its  effectiveness.  An 
Fig.  »S9— Complete  Aimater-Kent  timer-  automatic  spark-ad- 
diatribator  unit  /or  K3  aysteme  Vance      mechanism      is 

provided,  which  oper- 
ates by  centrifugal  force,  and  this  automatically  advances  the 
time  at  which  the  circuit  is  made  and  broken  to  compensate  for 
the 


Atwater  Kent  System 

The   Atwater   Kent   closed-circuit    battery    ignition    system    is 
styled   model  £Q.     It   is   quite   different   from   anything    else   of 
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its  kind  and  is  marked  by  great  simplicity,  light  weight  of  parts, 
very  few  moTing  parts,  an  absence  of  any  bearings  in  the  contact- 
carrying  arm  and  compactness. 

The  base  on  which  the  unit  is  built  up  is  an  iron  casting 
on  which  the  various  parts  are  screwed  rigidly.  The  whole  device, 
consisting  of  timer,  distributor  aud  coil  and  mounted  on  a  magneto 
type  of  base,  is  shown  in  Fig,  337.  The  breaker  is  shown  in  Fig. 
338.  The  contact  arm  is  an  exceptionally  light  steel  stamping 
tipped  with  fiber  where  it  touches  the  cam.    The  arm  is  riveted 


model   CO   battery   ignition   aiiatem 

to  a  abort  length  of  a  spting  steel,  D,  whith  in  turn  is  riveted  to 
the  block  L.  The  distributer  cover  is  Bakclite,  with  the  terminals 
molded  in  place.  There  is  no  wiping  eontact  in  the  distributor, 
the  air  gap  between  the  nickel  alloy  distributor  blade  and  the 
terminals  being  .015  to  .020  inch.  The  specially  shaped  cam  has 
been  adopted  only  after  long  experimentation,  during  the  course 


U 
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of  which  it  developed  that  even  the  slightest  variBtion  in  the 
radius  of  the  eurved  portions  between  the  flats  exerted  a  power- 
ful influence  on  the  character  of  the  spark. 

Rotation  of  cam  brings  its  comers  in  contact  with  the  fiber  tip 
T  of  the  contact  arm  A,  thus  separating  the  contacts  and  break- 
ing the  circuit.  The  contacts  are  together  for  a  considerable 
period,  thus  permitting  the  coil  to  be  saturated  thoroughly. 

The  contacts  are  of  tungsten,  the  one  in  the  arm  being  forced  in 
place.  There  is  but  a  single  adjustment.  To  alter  the  size  of  the 
gap  between  the  contacts  the  screw  8  is  loosened  and  the  arm  B 
moved  the  required   distance.     The  light  weight  of  the  contact 


arm  is  au  important  factor  in  the  operation  of  the  breaker.  In 
addition  to  reducing  wear  to  a  minimum,  it  eliminates  h&rmonio 
vibration  and  operates  to  intensify  the  spark  at  high  speeds. 

The  condenser  is  located  as  close  to  the  contact  aa  possible 
to  increase  its  efBciency.  On  account  of  its  proximity  to  the 
contacts,  this  condenser  needs  to  be  only  about  a  sixth  the  size 
that  would  be  required  were  it  located  in  the  coil  container  as 
commonly  done.  Furthermore,  the  condenser  is  much  more  acces- 
Bible  in  this  location,  though  it  is  rarely  necessary  to  tonch  it  at  all. 

The  current  consumption  of  this  system  is  comparatively  low  at 
low  speeds  and  does  not  fall  oft  as  fast  at  high  speeds  as  might  be 
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expected.     Throughout  the  entire  range  the  consumption  is  suf- 
ficient to  insure  a  hot  spark. 

Bosch  System 

The  Bosch  battery  ignition  system  consists  of  a  combination 
breaker  and  distributor  and  a  combined  switch  and  coil,  the 
latter  being  mounted  on  the  dash  so  that  the  switch  is  within 
easy  reach  of  the  driver.    The  complete  system  is  shown  in  Fig. 


Fig.  339 — Complete  Boach  battery  ignition  ayatem,  including  eom- 
IHnation  breaker  and  diatrihutor  and  combined  atoitch  and  coil 

>  339.  The  breaker  mechanism  is  shown  in  Fig.  340.  Rotation  of 
the  cam  G  causes  the  arm  carrying  the  movable  contact  to  move 
in  such  a  manner  as  to  open  the  circuit.  The  contacts  are  held 
closed  by  a  springy  except  when  the  projections  on  the  cam  are 
under  the  fiber  block  attached  to  the  arm. 

The  distributer  mechanism  is  mounted  directly  over  the  breaker 
and  is  quite  simple.  It  consists  of  the  customary  cover,  with  the 
terminals  molded  in  place.  A  radial  arm  carries  a  carbon  brush, 
which  makes  a  wiping  contact  with  the  various  terminals  for 
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the  wires  leading  to  the  different  spark  plugs  A  cross  section  of 
the  combined  breaker  and  distributer  is  shown  m  Fig  341,  and 
s  shown  in  Fig   342 

The  en  itch  is  so  arranged  that 
a  magneto  mav  be  ased,  and  the 
engine  will  run  on  the  magneto 
with  the  switch  m  one  position 
and  on  the  battery  with  the 
switch  m  the  other  position  A 
vibrator  attachment  is  incorpor 
ated  with  the  switch  to  factli 
tate  starting  the  engine  when  it 
IB  cold  or  the  carbureter  is  out 
of  adiustment  This  ^  ibrator 
mechanism  la  controlled  by  a 
pointed  button  in  the  center  of 
the  Hwiteh  plug  Under  normal 
starting  conditions  momentary 
pressure  on  the  button  will  pro 
duce  a  amgle  spark  at  the  plug 


Fig    842 — Exterior   tHete   of 
BoBck  Bomhtned  breaker  and 
diafrfAulor 
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if  the  distributer  brush  is  making  contact  with  one  of  the  dis- 
tributer terminals.  Turning  the  button  to  the  right  and  depress- 
ing it  makes  the  necessary  couuectiou  to  provide  a  stream  of 
sparks  at  the  different 
plugs,  depending  on 
the  position  of  the  dis- 
tributor arm.  If  de- 
sired, the  button  can 
be  locked  in  thia  poBi- 
tion  until  the  motor 
has  started. 

There  is  only  one  ad- 
justment, and  this  is 
for  the  gap  at  the  eon- 
tacts.  With  the  fiber 
Wock   attached   to   the  necUcal  ignittoH  .tf«i««. 


Fig.  344- 


movable  arm  resting  on  the  top  of  one  of  the  projections  on  the 
cam,  the  contacts  should  be  separated  about  .01  inch.  To  alter 
the  adjustment  the  lock  unit  holding  the  atattouarj  contact  must 
be  released  first,  and  then  carefully  secured  after  the  adjustment 
is  made. 
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Connectknt  Syitem 

The  Connecticut  sfBtem  operates  an  the  closed-circuit  princi- 
ple and  is  made  for  four-,  six-  and  eight- cylinder  enginee.  The 
complete  system  is  shown  in  Fig.  3*3.  The  breaker  mechanism 
is  shown  in  Fig.  344.  As  the  cam  C  rotates  the  high  parts  come 
into  contact  with  the  roller  E  in  the  arm  A,  and  thus  separates 
the  contacts.  The  arm  A  is  returned  to  its  normal  position  by 
a  spring.  The  breaker  mechanism  is  mounted  on  a  plate  which 
rests  in  the  casing  and  is  held  in  place  by  a  spring  ring  and 
solid  ring,  the  latter  being   held  by  two  screws.     The  advance 


lever  engages  a  stnd  on  the  breaker  plate,  the  whole  plate  being 
advanced  around  the  shaft  to  advance  the  time  of  ignition.  The 
various  parts  of  the  combined  breaker  and  distributJ>r  are  shown 
in  Fig.  345.  The  complete  device  with  the  distributor  cap  re- 
moved is  shown  in  Fig.  346,  and  complete  with  the  cap  in  posi- 
tion in  Fig.  347.  The  operation  of  the  advance  lever  in  bringing 
about  a  proper  timing  is  shown  in  Fig.  34S. 

A  very  ingenious  device  is  provided  to  prevent  the  possibility 
of  the  battery  being  eKhanated,  due  to  the  ignition  switch  being 
left    closed   and   the   engine    stopped.      This    device    is    a    small 


BATTERY-GENERATOR  IGNITION  417 

thermostat  connected  in  seiiea  with  the  primary  circuit,  which 
controlB  a  mechanism  similar  to  that  in  an  ordinary  door  bell. 
If  the  engjne  happens  to  be  stopped  with  the  ignition  switch 
closed,  the  primary  current  in  passing  through  the  thermostat 
heats  it,  thereby  bending  it  and  closing  a  circuit  through  a  buzzer 
mechanism.  This  in  turn  automatically  opens  the  switch.  The 
action  of  the  thermostat  can  be  set  for  anything  from  30  sec- 
onds to  4  minutes,  the  normal  setting  being  about  three-quarters 
of  a  minute. 
In  the  latest  designs  a  spark  gap  has  been  provided  between 


Fig.  316 — OanneetUmt  eom- 
bfned  httaker  and  HitHb- 
utor  with  cap  removed, 
above,  and  complete,  rioM, 
Fiff.  347 

the  distributor  brush  and  the  contacts  instead  of  S  wide  con- 
tact. To  prevent  oxidization  the  cover  is  ventilated  through  two 
tiny  holes  so  as  not  to  decrease  the  weatherproof  properties  of 
the  instrument.  Rotation  of  the  distributor  arm  acts  to  keep 
the  housing  well  ventilated.  The  wiring  to  the  coil  is  ao  ar- 
ranged through  the  use  of  a  hexagonal  terminal  that  it  is  im- 
possible to  put  a  wire  on  the  wrong  connection. 

PitUfield  Syitem 

The  Pittsfield  system  operates  on  the  open-eircnit  principle  and 
is   entirely    different    from   any   of   the   other    open-oircuit    sys- 
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terns.  Tlie  principal  point  of  difference  iB  that  contacts  are 
brought  together  mechauicallj  and  separated  mechanicallj, 
neither  operation  depending  on  the  operation  of  a  spring.  The 
breaker,  distributer  and  coil  all  are  a  single  unit  and  the  sjatems 
are  supplied  for  four-,  sis-,  eight-  and  twelve -cylinder  engines. 
The  inter-relation  of  the  different  parts  is  shown  in  Fig.  349, 
The  breaker  mechanism  is  shown  in  Fig.  350. 

Normallj'  the  contacts  are  separated.  Rotation  of  the  cam  C 
presses  the  arm  carrying  the  lever 
contact  up,  thus  bringing  the  con- 
tacts together  mechanically  with  a 
firm  pressure  and  so  holding  them. 
Further  rotation  of  the  cam  brings 
it  in  contact  with  the  fiber  member 
P  on  the  end  of  the  arm  carrying 
the  second  contact,  thus  positively 
breaking  the  circuit.  Still  further 
rotation  of  the  cam  fills  both  arms, 
so  that  the  contacts  remain  sep- 
arated until  again  brought  together 


by  the  rotation  of  the  cam.  The  only,  adjustment  is  that  which 
has  to  do  with  the  opening  of  the  contacts,  and  these  are  easily- 
accessible  from  outside  the  casing.  Removal  of  the  distributor 
cover  and  coil  exposes  the  distributor  mechanism,  and  af(«r  the 
key  holding  the  camshaft  has  been  withdrawn  the   whole  shaft 
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ean  be  lifted  out  in  eaae  this  should  be  neoessaTj.    The  complete 
device  ia  abown  in  Fig.  351, 

Remy  Sjntem 

The  Bemy  systeni  operates  on  the  closed -circuit  principle, 
and  it  is  distinguished  by  the  fact  that  it  has  but  two  moving 
parts — the  earn  and  the  breaker  arm.     The  complete  system  is 


taa 


shown  in  Fig.  352.  The  breaker  mechanism  is  shown  in  Fig.  353. 
The  rotation  of  the  cam  G  brings  its  corners  in  contact  with  a  fiber 
nlug  which  is  riveted  to  the  breaker  arm.  The  arm  thus  is  lifted, 
separating  the  contacts.  Only  hand  advance  of  the  breaker  mech- 
!tnism  is  provided. 
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Anotbei  particular  feature  of  the  Bemy  unit  ia  tbat  the  whole 
mechanism  ia  stationary.  Advancing  or  retarding  the  spark  doea 
not  move  any  of  the  wiring.  This  is  accompliahed  by  mounting 
the  breaker  mechanism  on  a  plate.  Thia  plate  is  attached  to  the 
advance  lever  and  is  moved  with  it,  thus  rotating  the  breaker 
mechanism  partly  around  the  cam. 

The  diatributor  mechanism  consists  of  the  uaual  Bakelite  oven, 
with  terminals  molded  in  place.  There  are  no  wiping  contacts, 
the  spark  jumping  from  the  radial  distributor  arm  to  the  terminala 
and  thuB  eliminating  weai. 


A  small  reaiatauce  coil  ia  located  on  top  of  the  ignition  coil  and 
is  connected  in  aeriea  with  the  primary  winding.  The  object  of 
this  resistance  ia  to  protect  the  winding  and  at  the  aame  time 
prevent  an  esceasive  drain  on  the  battery  ahould  the  engine  be 
left  idle  for  any  length  of  time  with  the  ignition  switch  closed. 
The  protection  la  provided  by  the  resistance  of  the  coil  increasing 
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verjr  rapidly  when  the  cnirent  through  it  exceeds  a  certain  vahte 
or,  what  amounts  to  the  Hame  thing,  when  ite  temperature  ezceedi 
a-  certain  value,  thus  causing  the  resistance  to  increase  very 
rapidly. 

The  makers  claim  that  the  contact  points,  which  are  iridium-' 
platinum,  or  tangsten,  should  not  rtquire  attention  more  than 
twice  a  aeaBon.  These  contacts  should  be  dressed  with  a  fine 
flat  file  BO  that  surfaces  will  be  smooth  and  parallel,  and  they 


Figs.  353  and  354 — 
Breaker  mechoRfmi  of 
Remji,  above,  and  com- 
Mned  breoier  and  dis- 
tributor al  Remv  hat- 
terv  ignlUan  ai/item 

should  be  adjusted  with  the  wrench  provided  by  the  makers  ao 
that  the  maximum  opening  is  from  .020  to  .025  inch  or  the  thiek- 
ness  of  the  gage  piece  riveted  to  the  wrench. 

If  the  engine  misses  when  running  idle  or  at  light  loads  the 
gaps  at  the  plugs  shonld  be  wider.  If  the  engine  misses  when 
running  at  high  speeds  or  when  pulling  hard  the  gaps  should  be 


The  oiler  on  the  shaft  should  be  kept  filled  with  medium  en; 
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■5TAWING 
BUT' 


Fig,      355  —  Complete 
Rhoadea     battery    igni- 
tion   system,    tohich   ia 
compact  and  simple 


grease  and  screwed  down  two 
or  three  turns  occasionally.  On 
some  of  the  devices  a  wick 
oiler  is  used,  and  in  such  cases 
pure  vaseline  should  be  used 
instead  of  the  cup  grease.  The 
complete  combined  breaker 
and  distributor  of  the  Remy 
company  is  shown  in  Fig.  354. 

Rhoades  System 

The  Rhoades  system  op- 
erates on  the  open-circuit  prin- 
ciple, and  in  its  new  form  it 
has  been  amplified  consider- 
ably, though  the  principle  re- 
mains unaltered.  The  couple 
system  is  shown  in  Fig.  355 
and  consists  of  the  combined 
breaker  and  distributor  unit 
and  a  combined  coil  and  switch 
unit. 


Fig.  356 — Breaker  mechanistn 
of  Rhoa4es  system 


The  breaker  portion  of  the  breaker  distributor  unit  is  shown, 
as  seen  from  the  top,  in  Fig.  356.  The  cam  C  is  mounted  loosely 
on  the  shaft  and  rotates  with  it  by  contact  with  the  pin  P,  which 
is  rigid,  so  far  as  rotation  is  concerned,  with  respect  to  the  shaft. 
As  the  cam  0  rotates  it  presses  the  arm  A  outward,  and  this  arm 
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in  pluaging  back,  hits  against  the  lever  L,  thus  forcing  the  con- 
tact together  momentarilj. 

If  the  CEim  is  rotated  in  the  reverse  direction  it  simply  rides 
over  the  pin  and  does  not  bring  the  contact  together.  The  con- 
tacts, it  must  be  remembered,  are  brought  into  contact  solely  by 
the  momentum  of  the  arm  A,  and  for  this  reason  the  duration  of 
contact  remains  the  same  regardless  of  engine  speed.    The  charae- 


Fig.  357 — Complete  WesMnpftouse  hattery  ipniHon  etiatem 

teristics  of  the  spark  then  should  be  the  same  for  all  engine  speeds. 

The  distributor  is  the  usual  Bakelite  construction  with  brass  ter- 
minals molded  in  place.  The  distributor  arm  is  keyed  to  the  shaft 
with  a  set  screw,  and  the  construction  is  such  that  it  cannot  be 
assembled  improperly.  The  distributor  arm  does  not  make  con- 
tact with  the  terminals,  but  the  spark  jumps  a  small  air  gap. 

There  is  only  one  adjustment  to  make  on  the  device  and  tbat 
is  to  regulate  the  distance  between  the  contacts.    They  shonA 
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be  about  A  In.  apart  at  all  tlmea.    Since  the  a<;tion  ot  tbe  deviea 
is  entirely  too  rapid  to  be  seen,  care  must  be  taken  that  each  of 
tbe  parts  is  fnuctioaiag  properly. 

There  is  a.  aingle  oil  cup  on  tbe  dlatributor  and  this  should  re- 
ceive a  drop  of  light  machine  oil  twice  a  week  for  continuous 
driving.  From  titae  to  time  tbe  cover  should  be  removed,  and  if 
the  cam  appears  dry,  a  very  small  quantity  of  thin  oil  may  be  put 
on  it.  Under  no  circumstances  should  the  tension  of  tbe  various 
springs  be  altered  at  all, 

Westin^ouse 

The  battery  ignition  system  manufactured  by  tbe  Westinghouse 
Electric  &  Mfg.  Co.  operates  on  the  closed 'Circuit  principle.  The 
complete  system,  breaker, 
distributor  and  coil,  is 
self 'Contained  as  shown  in 
Fig.  357.  The  unit  oper- 
ates in  a  vertical  position, 
and  its  shaft  is  driven 
from  tbe  cam,  or  magneto, 
shaft  through  suitable 
gearing.  The  case  of  the 
instrument  measures  ap- 
proximately 3^  inches  in 
diameter  and  5  inches  in 
■"       height. 

The  breaker  mechanism 
is  shown  in  Fig.  3S8.  It  is  mounted  beneath  the  coil,  while  the  diS' 
tributor  mechanism  is  directly  above  the  coil.  Bince  the  system 
operates  on  the  closed -circuit  principle  the  contacts  normally  are 
closed.  In  operation,  rotation  of  the  cam  separatee  the  contacts 
against  the  action  of  a  small  spring  under  the  left-hand  side  of  the 
arm,  A,  as  shown  in  Fig.  358.  This  spring  always  is  under  com- 
pression.  The  cam  is  mounted  loosely  on  the  shaft,  but  a  small  pin 
in  a  collar,  or  hub,  on  the  shaft  against  which  the  cam  rests  enters 
a  hole  in  the  cam  and  provides  the  necessary  driving  connection. 
The  breaker  mechanism  operates  equally  well  in  either  direction, 
and  a  backward  travel  of  approximately  48  deg.  is  possible  without 
vausing  the  contacts  to  separate,  which  might  result  in  a  disastrous 
utick-fire  of  the  engine. 
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The  eoDdenier  ia  monnted  close  to  the  breaker  mechaniam  to  a 
Bpecial  compartment  cast  integral  vith  the  main  base  plate.    This 
compartment  is  on  the  same  level  ae  the  breaker  mechanism,  but 
on  the  opposite  side  of  the  shaft,  as  shown  in  Fig.  358.     The  con- 
deaier,  coil  and  brssker  are  inclosed  in  a  tube  of  Bakelite  Micsrta, 
which  forma  the  body  of  the  unit.    Several  opsniiigH  are  cnt  in 
the  lower  end  of  this  tube  to  provide  a  means  of  making  the  neces- 
sary internal   electrical  con- 
nections and  to  give  access  to 
the   breaker    meehanlsm    for 
inspectian,  eleaniag  and  ad- 
justment.  A  short  thin  tnbe 
is  placed  over  the  main  tube, 
forming  a  cover  for  the  open- 
ings in  the  large  tube.    This 
short    tube    may    be    raised 
directly  upward,  thus  uncov- 
ering the  openings. 

The  distributor  is  the  same 
as  that  need  in  all  the  West- 
inghouse    systems,   in    which 
a      circular      carbon      brush 
makes  contact  with   the  va- 
rious  high 'ten  si  on    terminals 
which    are   Indaded    in    the 
molded  cover.    One  terminal 
of  the  secondary  winding  of 
the    induction    coil    is    con- 
nected to  the  carbon  distrib- 
utor brush  by  a  metal  ring  .  „     ,.  .     .         •  _    . 
,-  ,      .  ■       .          I'm-    3l>0 — Bxtrmal    tleie    of   Wett- 
monnted  on  a  disk  of  insula-                           ingRou.e  un(l 
tion  directly  above  the  coil. 

The  carbon  brush  extends  through  the  end  of  the  distributor  arm 
and  rests  on  the  upper  surface  of  the  metal  ring,  which  is  con- 
nected electrically  to  the  end  of  the  secondary  winding. 

The  ignition  switch  is  of  the  snap  type  and  combines  the  light- 
ing switch  in  one  plate,  which  is  mounted  flush  on  the  dash.  Each 
time  the  Ignition  is  turned  the  polarity  of  the  circuit  is  reversed. 

In  adjusting  the  breaker  the  contacts  shonld  be  dressed  with 
a  fine  file  and  adjusted  so  that  the  maximum  opening  is  .008  inch. 
A  feeler  gage  is  furoished  with  each  outfit  by  the  maker;,    TI19 
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spark-plug  gspa  should  be  .025  inch.  The  distributor  brash eb 
should  slide  freely  in  their  holder,  and  the  spring  should  push  the 
top  brush  out  to  extend  from  the  holder  about  Vt  inch  when  the  dis- 
tributor plate  is  removed.  The  only  lubrication  required  is  two 
or  three  drops  of  oil  about  once  a  month  ib  the  oil  cup  on  the  side 
of  the  distributor  unit. 

What  is  termed  a  ballast  coil  1b  mounted  in  the  back  of  ths 
switch  plate.  This  ballast  coil  is  a  small  resistance  in  series  with 
the  primary  winding  of  the  coil,  and  its  function  is  to  protect  the 


binding  and  prevent  excessive  drain  <i 


battery  should  the 
engine  happen  to  re' 
main  idle  with  the 
switch  in  the  "on" 
position.  If  this  coil 
should  be  broken  the 
ballast  terminals  may 
he  short  -  circuited 
temporarily  with  a 
piece  of  wire  or  with  a 
standard  S-ampere 
fuse.  An  external 
view  of  the  device 
complete  is  shown  in 
Fig.  359. 

Phnbrm 

The  Philbrin  igni- 
tion system,  manu- 
factured by  the  Phil- 
ips-Brin  ton  Co.,  is 
both  B  single-  and 
continuous-spark  sys- 
tem. Either  type  of  ignition  may  be  nsed  at  will.  The  inter-rela- 
tion of  the  various  parts  of  the  combined  breaker -distributor  unit 
is  shown  in  Fig.  360.  The  distinctive  feature  of  the  system  is  the 
breaker,  which  supplies  a  single  spark  of  great  intensity,  the 
quality  of  the  spark  remaining  practically  the  same  for  all  engine 
speeds. 

The  construction  of  the  breaker  is  shown  in  Fig.  361  and  its 
operation  in  brief  is  as  follows:  Rotation  of  the  cam  C,  which 
is  m  effect  a  series  of  tiny  triggers,  pushes  out  the  arm  A,  thus 
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eloBing  the  contacts,  which  normally  are  open.  When  a  tiiggei 
passes  the  arm  the  contacts  are  separated  bj  the  spring  S  in- 
stantly. The  contacts  are  held  together  for  approxiraateiy  31^ 
degrees  of  the  revolution  of  the  cam.  It  ia  this  breaker  mechanism 
that  gives  the  single  spark.  If  the  cam  is  rotated  the  wrong  way 
the  triggers  simply  push  the  arm  A  out  of  the  way,  it  being 
mounted  in  a  specially -shaped  hole  in  its  supporting  member,  as 
shown  in  Fig.  362.  The  continuous  spark  is  cuntroHed  not  by  the 
breaker  mechanism  but  by  a  tiny  vibrator  of  special  form  con- 
tained within  the  switch  assem- 
bly. 

The  vibrator  operates  at  four 
to  five  times  the  speed  of  the 
ordinary  vibrator.  As  long  as 
the  engine  is  running  a  continu- 
ation of  sparks  is  produced,  and 
this  stream  is  distributed,  as  are 
the  sparks  from  the  single-spark 
portion  of  the  system,  by  the 
distributor  mechanism.  The  dis- 
tributor has  a  long  arm  with  a 
blade  of  peculiar  force.  This 
blade  does  not  touch  the  high- 
tension  terminals  molded  into 
the  Bakelite  cover  but  passes  in 
very  close  proiimity  to  the  ter- 
minals, and  the  spark  passes  a 
small  air   gap.    The   reason   for 

this  long  blade  is  to  insure  a  continuous  stream  of  sparks  at  the 
plug  during  a  considerable  portion  of  the  piston  travel.  This 
stream  of  sparks  is  an  advantage  when  the  engine  is  cold  or  the 
carbureter  is  slightly  out  of  adjustment,  for  it  practically  insures 
firing  the  mixture. 

The  Philbrin  switch  provides  for  two  sources  of  current,  the 
usual  storage  battery  and  an  auxiliary  set  of  dry  cells,  the  arm 
of  the  switch  being  moved  in  one  direction  for  the  storage  bat- 
tery and  in  the  opposite  direction  for  the  dry  cells.  The  lever 
which  controls  the  operation  of  the  continuous-spark  and  single- 
spark  operations  is  a  small  continuously  rotary  plug.  This  plug 
is  marked  alternately  M  and  S,  signifying  whether  the  main  or 
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secondary  systems  are  in  operation.  This  special  switch  also  re- 
verses the  polarity  of  the  circuit  each  time  it  is  turned,  thus 
increasing  the  life  of  the  contacts.  The  ignition  coil  is  mounted 
in  a  waterproof  case  and  may  be  mounted  on  the  dash  or^  in  some 
installations,  directly  with  the  distributor  mechanism. 

The  system  has  but  one  adjustment,  and  this  has  to  do  with 
the  opening  of  the  contacts  on  the  main,  or  single-spark,  system. 

The  gap  between  the  contacts 
should  be  from  .025  to  .030  inch. 
The  method  of  making  the  ad- 
justment is  obvious  from  an  in- 
spection of  Fig.  362.  The  vi- 
brator for  the  secondary  sys- 
tem is  housed  in  the  switch  as- 
sembly and  will  never  require 
any  adjustment.  The  manufac- 
turers strongly  urge  that  it 
never  be  touched.  An  external 
view  of  the  Philbrin  combined 
breaker  distributor  unit  is 
shown  in  Fig.  363. 
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Fig.    362 — Operation    of   Philhrin 
breaker  mechanism 


® — ^  Ddco  System 

The  earlier  ignition  systems 
manufactured  by  the  Dayton 
Engineering  Laboratories  Co. 
operate  on  the  open-circuit  prin- 
ciple. A  top  view  of  one  of 
the  interrupters  is  shown  in  Fig.  364,  and  its  operation  is  as 
follows:  The  movable  contact  is  carried  on  a  straight  spring 
blade  C,  to  which  there  is  attached  a  bent  spring  blade  B, 
held  against  the  surface  of  the  cam  by  the  coiled  spring  E. 
The  spring  C  is  placed,  when  properly  adjusted,  under  a  slight 
tension  due  to  the  action  of  the  springs  B  and  E^  and  the  movable 
contact  on  the  spring  C  is  held  away  from  the  stationary  contact 
D.  When  the  projection  on  the  spring  B  strikes  the  projections 
on  the  cam,  the  end  of  C  moves  toward  the  stationary  contact  and 
the  contacts  close.  As  the  projection  on  the  spring  B  passes  the 
hump  on  the  cam,  the  action  of  the  spring  E  draws  B  back  sud- 
denly and  the  end  of  B  strikes  0  and  the  contacts  are  quickly 
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opened.  The  duration  of  the  contact,  of  course,  will  depend  upon 
tbe  speed  of  the  cam,  which,  of  course,  depends  upon  the  speed  of 
the  engine. 

In  the  later  models  of  the  battery  ignition  systems  manufactured 
hy  the  Dayton  Engineering  Laboratories  Co,  the  closed-circuit 
principle  ia  employed.  A  top  vie 
Fig.  3G5,  and  its  operation  is  as 
movable  contact  D,  which  is 
normally  in  contact  with  the 
contact  C.  A  piece  filer  is 
mounted  on  the  arm  B,  which 
bears  against  the  surface  of  the 
cam  and  is  lifted  by  the  projec- 
tions of  the  cam  against  a  email 
flat  spring  which  is  held  by  the 
inner  wall  of  the  housing.  The 
stationary  contact  C  ia  adjusted 
by  the  screw  and  held  in  place 
by  the  lock  nut  N.  These  con- 
tacts should  be  so  adjusted  that 
when  the  filer  block  mounted  on 
B  is  on  top  of  one  of  the  humps 
on  the  cam,  the  contacts  should 
open    sufficiently    to   allow    the 

gage  on  the  wrench,  provided  with  the  system,  to  close  the  gap. 
The  method  of  using  the  gage  in  adjusting  the  contact  points  la 
shown  in  Fig.  360. 

The  timing  of  the  spark  may  be  adjusted  by  moving  the  cam  A 
with  reapect  to  the  shaft  upon  which  it  is  mounted,  which  is  done 
by  loosening  a  acrew  in  the  end  of  the  shaft  and  again  tightening 
it  after  the  cam  has  been  moved  the  desired  amount.  Turning  the 
cam  in  a  clockwise  direction,  or  toward  the  right,  advances  the 
time  of  ignition,  and  counter-clockwise,  or  to  the  left,  retards  it. 

The  Reustance  Unit  Funcdon 

Should  the  ignition  switch  be  left  closed  when  the  driver  leaves 
the  car,  there  is  a  likelihood  of  the  contacts  on  the  interrupter 
being  left  in  the  closed  position,  and  if  these  contacts  are  doaed, 
the  battery  will  continue  to  discharge,  which  will  result  in  ita 
being  completely  exhausted  if  the  discharge  is  allowed  to  continue 
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for  a  sufficient  time.  To  preyent  tWs  waste  of  energy  and  possible 
damage  to  the  coil,  a  resistance  has  been  introduced  into  the  pri- 
mary circuit.  This  resistance  unit  is  shown  in  the  upper  left  hand 
corner  of  Fig.  367.  The  unit  consists  of  a  small  open  coil  of  high 
resistance  wire  wound  upon  a  porcelain  spool.  All  the  current 
passes  through  this  resistance  iinit^  but  owing  to  the  extremely 


Fig,  364 — Top  view  of  Delco  open-circuit  type  of 

interrupter 

short  period  it  continues  between  interruptions,  due  to  the  opening 
of  the  contact  points,  the  resistance  wire  remains  fairly  cool. 
When  the  ignition  switch  is  left  closed  and  the  engine  stops  with 
the  interrupter  contacts  closed,  the  current  is  then  continuous  and 
of  greater  effective  value,  and  it  causes  the  resistance  wire  to 
become  heated  to  a  red  heat  in  a  very  short  time.  At  this  high 
temperature  the  resistance  of  the  wire  is  much  greater  than  at  a 
lower  temperature,  so  that  it  does  not  permit  as  much  current  to 
pass  through  the  primary  winding  of  the  coil  as  would  pass  if  the 
resistance  of  the  wire  remained  unchanged. 

Deico  Interrupter 

A  dual  type  of  interrupter  is  shown  in  Fig.  368.     It  has  two 
independent  sets  of  interrupter  contacts,  one  for  the  battery  and 
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one  for  the  magneto.  The  operation  of  this  interrupter  ia  the  same 
LB  the  other  types  except  an  additional  set  of  contacts  is  provided. 
The  earlier  Delco  ignition  systems  were  provided  with  a  way  to 
produea  a  aeries  of  sparks  for  starting  and  a  single  spark  when 
Tnimiug.  This  device  is  no  Tonger  a  part  of  their  standard  equip- 
ment, but  its  wide  use  on  the  thousands  of  cars  at  the  present  time 
vrarrants  a,  description  of  its  operation.  The  relay  and  a  diagram 
of  its  connections  are  shown  in  Fig.  369,  It  consists  of  an  electro- 
magnet provided  with  two  windings,  one  of  large  wire  and  one  of 
Email   wire,  similar  to  the  cutouts.     The  magnetic  effect  of  tlie 
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coarse  wire  is  greater  than  the  magnetic  effect  of  the  fine  wire,  and 
it  exerts  sufGcient  magnetic  pull  on  the  armature  when  at  rest  to 
draw  the  armature  toward  the  end  of  the  armature  core,  Wl:ieh 
breaks  the  contacts  at  C. 

The  construction  is  such  that  the  current  ceases  to  flow  through 
the  winding  when  the  contacts  C  are  open.  The  fine  winding  is 
connected  to  the  contacts  so  that  it  holds  the  armature  of  the 
relay  open  after  the  circuit  of  the  coarse  winding  is  broken  at  the 
contacts  C,  and  this  winding  is  known  aa  the  "holding  coil."  The 
magnetic  pull  of  the  fine  winding  is  not  sufficient  to  draw  the 
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e  down  from  the  position  of  rest,  tiut  is  strong  enoogli  to 
hold  it  down  after  the  coarse  winding  has  pulled  it  down.  The  arc 
at  the  contact  C  is  suppressed  by  the  condenser,  which  also  in- 
creaHea  the  speed  of  operation.  A  three-waj  switch  is  provided, 
which  has  a  point  for  starting  and  one  for  running  and  a  neutral 
point.  When  the  switch  is  thrown  to  the  starting  point,  the  relay 
oporates  continuouslj  jnat  the  same  as  a  vibrator  and  produces  a 
series  of  sparks;  when  the  switch  is  on  the  running  point,  the  fine 
winding  is  energized  and  a  single  spark  is  produced. 

A  special  interrupter  is  provided  for  extremelj  high-speed  en- 
gines. These  interrupters  are  provided  with  two  sets  of  contacts 
and  a  special  cam,  depending  upon  the  number  of  cylinders.    Each 


set  of  contacts  is  provided  with  a  separate  relay,  and  the  circuit  is 
closed  through  the  two  relays  alternately,  thus  giving  each  mag- 
netic interrupter  more  time  in  which  to  open  and  close  the  circuit. 
The  connections  of  a  system  of  this  type  are  shown  in  Fig.  370 
and  a  complete  wiring  diagram  is  shown  in  Fig.  371. 

Ddco  Ignition  Relay 

Two  methods  of  connecting  the  Delco  ignition  relay  are  shown 
in  Figs.  371  and  372.  In  Fig.  371  the  relay  winding  of  large  wirs 
and  the  contacts  shown  at  C  in  Fig.  369  are  in  series  with  a  set  of 
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interrupter  contactB  on  the  dual  interrupter.  When  the  intermpter 
vontacta  are  cloaed,  a  current  la  produced  by  the  dr^  cells  in  the 
coarse  winding  of  the  relay,  and  its  armature  ie  drawn  down,  which 
cause  the  primary  circuit  to  open  and  thus  produce  a  spark  at  the 
plug.  The  armature  of  the  relay  ie  disengaged  as  soon  as  the 
contacts  at  C  are  opened,  and  the  armature  will  continue  to  vibrate 
indefinitely  as  long  as  the  interrupter  contacts  are  together,  nnlees 
the  fine  wire  winding  of  the  relay  is  energized  in  some  way.  The 
fine  wire  winding  of  the  relay  will  be  energized  if  this  switch  ie 
depressed,  and  a  series  of  sparks  will  be  produced  so  long  as  the 


r'lg.  3flT — Detco  Interrupter  Kith  reHitance  uMt 

interrupter  contacts  are  closed.    Tbns  in  starting  the  switch  which 
normally  connects  the  points  6  and  7  will  be  held  in  an  open  posi- 

'i'he  method  used  in  connecting  the  Delco  ignition  relay  on  what 
was  called  the  Junior  syetem  for  1914  is  shown  in  Fig.  372.  The 
ignition  switch  completes  the  primary  circuit,  and  when  the  relay 
is  used  in  this  manner,  the  holding  coil  circuit  is  completed  through 
the  interrupter  contacts.  A  vibrating  spark  is  obtained  as  long  as 
the  timer  contacts  are  open,  and  the  timing  of  this  vibrating  spark 
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is  obtained  by  the  action  of  the  contacts  upon  the  holding  coil  it- 
self. This  method  of  using  the  relay  causes  much  later  ignition 
than  the  method  previously  described. 

When  the  armature  B,  Fig.  369,  is  pressed  down,  there  should  be 
absolutely  no  motion  of  the  blade  Q,  Fig.  373,  carrying  the  lower 
contact.  The  gap  at  C  should  be  approximately  .005  in.  When 
the  blade  A  Is  lifted  carefully  by  hand,  the  contact  at  C  should 


Fig.  368 — Deico  6 


e  0/  (nierrupier 


open  to  the  same  gap  as  before,  namely,  .005  inch.    The  contacts 
at  C  should  be  clean  and  their  surfaces  perfectly  parallel. 

There  are  two  adjusttnents  to  the  relay,  as  follows:  The  air  gap 
1  shown  in  Fig.  369,  which  increases  the  distance  at  C  also,  and  the 
tension  exerted  by  the  spring  A,  Fig.  373,  on  the  contacts  C.  Small 
adjustments  may  be  made  in  the  gap  between  the  contacts  at  C, 
but  in  no  case  should  this  distance  be  increased  very  much  over 
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.005  incli.  If  adjustment  of  this  gap  does  not  give  a  spark  of  suflS- 
cient  intensity,  it  will  be  necessary  to  increase  the  tension  of  the 
spring.  The  tension  in  the  spring  can  be  increased  by  crowning  as 
follows:  The  spring  is  held  loosely  between  the  jaws  of  a  pair  of 
duck-bill  pliers  near  the  end,  which  is  screwed  down  to  the  frame, 
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Fig,  369 — Delco  ignition  relay  and  internal  connections 


and  the  pliers  then  are  moved  along  the  spring  with  a  downward 
pressure  and  a  slight  twist  to  the  right  as  shown  in  Fig.  373.  This 
operation,  properly  performed,  will  give  the  spring  the  form  shown 
in  Fig.  374,  and  the  tension  will  be  increased  noticeably.  Be  sure 
the  armature  is  free  on  its  pin. 

Typical  Delco  distributors  for  four-,  six*,  eight-  and  twelve-cyl- 
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iuder  iiutallations  are  ahowD  in  Fign.  375,  376,  377  and  37H.     ' 

B  shown  in  Fig.  375  ia  used  on  the  1917  Dodge  Brothere  c 
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n  0}  Delco  Junior  ignition  ev»tem,  ahoteing 


the  one  shown  in  Fig.  376  is  used  on  the  1917  Hudson;  the  one 
shown  in  Pig,  377  is  used  on  the  1917  Cadillac,,  and  the  one  shown 
ill  Fig.  378  is  uaed  on  the  1917  Packard. 
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Fig.  .'170 — 1)1  iCo  special  interrupter  for  higJi^apeed  engines 


Fig.  373 — Method  of  crowning  spring  on  Delco  ignition  relay 


Fig.  374 — Proper  appearance  of  springs  on  Delco  relay 


Single  Ignition  System 

The  single  ignition   system,  as  its  name  indicates,  is  a  system 
of  ignition   employing   only  one   source   of  electrical  energy,   one 
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set  ot  electrical  connections  and  one  set  of  spark  plugs  in  t)ie 
engine  cylinders.  The  source  of  the  electrical  energy  may  be 
any  of  the  various  sources  used  in  the  different  ignition  systems, 
such  as  dry  or  storage  battery  and  low-tension  or  high-tension  mag- 


Fige.   375    to    378 — Ti/ptcal   Deico  distributor  instaltatiom.      Fig. 

375,  upper  le/t,  1917  Dodge;  Ftg.  378,  upper  right,  1917  Hud-wn; 

Fig,  377,  lotcer  left,  1917  Oaiillac,  and  Fig.  378,  loioer  right,  1917 
Packard 
r.eto.  A  good  example  of  a  single  ignition  sjHtcm  is  found  on  the 
Ford  car  as  it  is  delivered  by  the  manufacturer.  Energy  for  igni- 
tion in  this  case  is  derived  from  a  special  form  of  low-tension  mag- 
neto and  is  increased  in  intensity  or  pressure  by  a  vibrating  coil 
from  whence  it  is  distributed  to  the  various  cylinders.    In  this  par- 
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ticular  caE«  no  diatributor  is  UEied  in  the  bigh'teuslou  circuits  or 
leads  to  tie  various  spark  plugs,  but  the  interrupter,  or  timer, 
in  the  primary  circuit  serves  as  a  distributor.  An  amplified 
diagram  of  the  Ford  ignition  is  shown  in  Fig.  379.  When  a  bat- 
ti^rj  is  installed  this  system  then  becomes  a  dual  system  as  will 
be  explained  later. 

The  single  ignition  system  must  not  be  confused  with  the  term 
single-unit  system.     The  single-unit  system  is  one  in  which  tfae 


starting,  generating  and  ignition  operations  are  performed  by 
one  unit.  In  such  a  system  the  same  armature  fields  are  used 
for  both  the  generator  and  the  motor  but  a  separate  winding 
URually  is  employed  for  each  of  the  two  functions.  The  generator 
Siipplies  energy  for  charging  the  storage  battery,  which  in  turn 
is  used  for  ignition  and  operating  the  starting  motor. 
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Dual  and  Double  Ignition 

The  various  magneto  and  battery  systems  of  ignition  may  be 
eotnbined  into  what  are  called  dual  and  double  systems,  A  four- 
ejlinder  eagine  i»  ahown  equipped  with  four  different  systems  of 


ignition  in  Fig.  380,  and  a  brief  deBcription  of  these  different 
systems  will  be  given  before  their  various  combinations  are  ex- 
plained. 

A  high-tension  magneto  is  shown  toward  the  front  end  of  the 
engine  with  its  high-tension  wires  leading  from  the  distributor  to 
the  four  spark  plugs  marked  Ml,  M2,  M3  and  M4  respectively. 
Prom  the  terminal  on  the  end  of  the  magnets,  marked  B2,  a  wire 
MG  runs  to  the  switch  81  mounted  on  the  vibrating  coil.  A  sec- 
ond wire  GG  runs  from  this  switch  to  the  frame  of  the  car,  and 
if  the  switch  is  closed  the  terminal  B2  will  be  connected  to  ground 
and  the  high-tenaion  magnets  will  supply  ignition  current  to  the 
set  of  spark  plugs  to  which  its  high-tension  wires  are  connected. 

A  high-tension  battery  system  provided  with  timer  and  vibrat- 
ing coils  for  each  cylinder  also  is  ahown,  and  the  circuits  may 
be    traced   as    follows :      Starting    with    the    positive    terminal    of 
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the  battery  pass  along  the  wire  L  to  the  switch  S  on  the 
vibrating  coil,  then  through  the  different  primary  windings  and 
vibrators  and  along  the  wires  LI,  L2,  L3  and  L4  to  the  head  of 
the  timer,  and  from  the  center  of  the  timer  head  along  the  wire  G 
to  the  negative  terminal  of  the  battery.  The  high-tension  wires 
lead  from  the  under  side  of  the  vibrating  coil  to  the  four  spark 
plugs  HI,  H2,  H3  and  H4,  respectively,  which  are  mounted  in 
this  case  in  the  top  of  the  engine  cylinders.  If  the  switch  S  is 
closed,  current  will  be  supplied  to  the  different  primary  windings, 
in  turn  depending  upon  the  order  in  which  contact  is  made  in 
the  timer.  The  vibrator  in  each  primary  circuit  will  produce  a 
series  of  sparks  in  the  secondary  circuit  as  long  as  the  timer 
circuit  for  that  particular  primary  circuit  is  closed. 

A  third  system  consists  of  a  low-tension  magneto  in  combina- 
tion with  a  non -vibrating  coil,  and  the  circuits  of  this  system 
may  be  traced  as  follows:  Wires  PI,  P2  and  P3  connect  the 
armature  winding  of  the  low-tension  magneto  to  the  non-vibrat- 
ing coil  and  one  terminal  of  the  secondary  wiring  to  ground,  and 
if  the  switch  on  the  point  of  this  coil  is  thrown  to  the  position 
marked  M  a  circuit  will  be  completed  through  the  primary  wind- 
ing of  the  coil.  The  wire  P  connects  one  terminal  of  the  sec- 
ondary winding  of  the  non-vibrating  coil  to  the  center  terminal 
of  the  distributor  on  the  low-tension  magneto.  The  low-tension 
current  of  the  magneto  will  pass  through  the  primary  winding 
of  the  coil  and  when  it  is  interrupted  suddenly  by  the  breaker 
on  the  magneto  a  high-tension  current  will  be  produced  in  the 
secondary  winding,  which  will  supply  energy  to  one  of  the  spark 
plugs,  depending  upon  the  position  of  the  distributor  contact  or 
arm.  A  fourth  system  is  provided  which  is  identical  to  the  one 
just  described  with  the  exception  that  the  battery  replaces  the 
winding  on  the  magneto. 

If  the  first  two  or  the  last  two  systems  just  described  were 
combined  we  would  have  what  is  called  a  dual  system.  In  each 
of  these  dual  systems  the  same  set  of  spark  plugs  and  high- 
tension  distributors  are  used.  Other  combinations,  of  course,  may 
be  used  in  forming  a  dual  system. 

If  the  vibrating  coil  timer  and  battery,  with  spark  plugs,  HI,  H2, 
113  and  H4,  and  the  high-tension  magneto,  with  its  spark  plugs, 
Ml,  M2,  M3  and  M4,  were  combined  on  a  single  engine,  the  com- 
bination would  be  called  a  double  system.    A  second  double  system 
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could  be  formed  hj  combining  the  low-tension  magneto,  non-vibrat- 
ing coil,  timer  and  plugs  Ml,  M2,  M3  and  M4  with  the  vibrating 
coil  timer  and  battery.  Other  combinations  are  used  for  combin- 
ing the  various  single  ignition  systems  into  dual  and  double  systems. 
The  wiring  diagram  of  a  double  system  using  a  high-tension  mag- 
neto in  combination  with  a  vibrating  coil  timer  and  battery  is 
shown  in  Fig.  381. 

Two-Spark  Ignition 

Two-spark  ignition  simply  means  that  two  sparks  are  provided 
for  igniting  the  gas  mixture  in  the  cylinder  at  the  same  time, 
the  object  being  to  increase  the  power  and  speed.  Magnetos  used 
ill  providing  two-spark  ignition  usually  are  provided  with  two 
separate  distributors  and  in  some  cases  with  two  windings  served 
by  a  common  breaker.  The  wiring  diagram  on  a  Remy  two-spark 
magneto  is  shown  in  Fig.  382. 


"M 


CHAPTER  XXIV 

Spark  Plugs 

THE  spark  plug  is  one  of  the  most  important  parts  of  the  igni- 
tion systems,  and  no  matter  how  carefully  the  remainder  of 
the  system  is  constructed  and  installed  the  successful  opera- 
tion of  the  system  is  entirely  dependent  upon  the  spark  plug. 
The  spark  plug  is  a  very  simple  device  which  consists  of  two  ter- 
minal electrodes  carried  in  a  suitable  shell,  which  is  screwed  into 
au  opening  provided  for  it  in  the  cylinder  wall.  A  section  of 
several  typical  spark  plugs  are  shown  in  Fig.  383.  The  secondary, 
or  high-tension,  wire  from  the  ignition  device  is  connected  to  a 
terminal  at  the  top  of  tiie  plug,  which  usually  forms  the  central 
electrode  and  extends  down  through  the  plug.  This  center  mem- 
ber is  insulated  from  the  shell  by  a  bushing  of  some  form  of 
insulating  material.  The  electrode  and  bushings  are  fastened  in 
a  steel  shell  or  body,  which  is  provided  with  a  threaded  end  at 
the  bottom,  by  which  it  may  be  fastened  into  the  wall  of  the 
combustion  chamber.  The  insulating  materials  commonly  used 
are  porcelain,  mica,  steatite  and  lava.  Porcelain  and  mica  are 
used  more  than  other  insulations,  because  their  mechanical  and 
electrical  characteristics  make  them  better  suited  for  this.  When 
porcelain  is  used  some  form  of  insulating  packing  must  be  used 
to  keep  it  from  contact  with  the  metal  shell  of  the  plug.  This 
packing  is  required,  because  the  porcelain  and  steel  have  different 
coefficients  of  expansion  and  it  is  absolutely  imperative  that  some 
flexibility  be  provided  at  the  joints  to  permit  the  two  materials 
to  expand  differently  when  heated. 

In  the  early  forms  of  spark  plugs  the  insulating  material  filled 
the  shell  at  the  lower,  or  sparking,  end  of  the  plug,  which  afforded 
a  direct  path  for  the  current  to  travel  over  just  as  soon  as  this 
small  surface  was  coated  with  carbon.  It  was  npthing  uncommon 
to  have  to  clean  this  type  of  plug  in  less  than  100  miles  of  running. 
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This  objectional  feature  was  greatly  improved  by  allowing  a  space 
between  the  insulation  surrounding  the  central  electrode  and  the 
outer  shell.  This  simple  arrangement  constitutes  a  basic  paral- 
lel under  which  all  spark  plugs  are  manufactured. 


Anrangemento  of  Electrodes 

The  arrangement  of  the  electrodes  varies  considerably  and  may 
take  the  form  of  open  points  as  in  Fig.  384,  a  bridge  as  in  Fig.  385, 
several  points  as  in  Fig.  386,  an  inclosed  arrangement  as  in  Fig. 
387,  etc.  Certain  advantages  are  claimed  for  the  plugs  provided 
with  more  than  one  gap.  This  advantage,  however,  is  more  theo- 
retical than  practical,  since  the  electrical  current  will  bridge  the 
gap  offering  the  least  resistance  and  should  one  of  the  gaps  be- 
come shorted,  by  a  particle  of  carbon,  all  of  the  gaps  will  be 
shorted. 


Series  Spark  Plug 

In  the  series  type  of  spark  plug  the  spark  occurs  between  two 
central  electrodes  each  of  which  is  insulated  from  the  shell  of  the 
plug.  A  plug  of  this  type  is  shown  in  Fig.  388.  The  objects  of  such 
a  plug  is  to  furnish  a  means  of  providing  two  sparks  in  each 
cylinder  by  a  standard  ignition  system.  A  plug  of  this  type  and 
a  standard  type  of  plug  are  mounted  in  the  wall  ol  the  combus- 
tion chamber.  The  high-tension  wire  from  the  ignition  system  is 
connected  to  a  terminal  of  the  series  plug,  and  the  second  ter- 
minal is  connected  to  the  central  electrode  of  the  standard  plug, 
tlius  connecting  the  gaps  in  the  plugs  directly  in  series.  The 
object  of  such  an  arrangement  is  to  provide  double-spark  igni- 
tion. Experiment  has  shown  a  slightly  increased  power  when  two 
sj>arks  occur  simultaneously  in  different  parts  of  the  combustion 
chamber,  especially  in  the  T-head  type  of  engine  cylinder  in  which 
the  two  plugs  can  be  located  in  the  oppositely-placed  valve  parts. 
As  the  great  majority  of  engines  are  of  the  L-head  type  and  since 
the  advantages  of  the  series  type  of  spark  ignition  at  least  are  so 
very  slightly  greater  than  the  single-spark  type,  there  is  very 
little  advantage  to  be  gained  in  its  use. 

The  series  type  of  spark  plug  may  be  used  as  a  groimded  return 
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t^e  bj  Aa  attachment  as  sliown  in  Fig.  3S9.  All  this  attach- 
ment does  is  to  form  a  metallic  conductor  between  one  of  the 
terminals   or  electrodea  and   the  shell  of  the  plug  which  is,  of 


Pig,  383 — A  section  of  typical  epark  plugs,  fhotdng,  upper  left, 

typical  ends;  upper  right.  Red  Head;  loicer  left,  Sinpston,  Su-Dlg 

and  Maeter;  and  lavter  right,  SpUtdorJ 

goaise,  ia  electrical  contact  with  the  engine  cylinder.  The  high- 
ftffiilon  ignition  lead,  of  course,  is  connected  to  the  terminal  on 
the  spark  plug  to  which  the  special  attachment  is  not  connected. 
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M(«netic  Type  of  Pliq; 

This  type  of  spark  plug  was  developed  with  a  view 
ing  the  trouble  in  the  operation  of  the  make-and-break  plug  as 
used  on  the  low-tenalon  ignition  systems.  A  Beetion  through  a 
plug  of  this  type  is  shown  in  Fig.  3Q0,  and  its  operation  is  as 
follows:  A  solenoid.  A,  surrounds  a  plunger,  C,  whose  lower  end 
is  held  in  contact,  D,  by  a  spring,  B.  The  magnetic  pull  dne  to  a, 
current  in  the  winding  A  lifts  the  plunger  and  causes  a  spark  at 
D.  Plugs  of  this  type  have  found  little  use  on  the  motor  car,  as 
the  high  temperatures  to  which  they  are  subjected  in  such  applica- 
tions draw  the  temper  of  the  plunger  spring  and  often  setiously 


injure  the  insulation  of  the  solenoid  winding.    Their  use  has  been 

more  extensive  in   connection  with  stationary  engines  where  the 
temperatures  are  much  lower. 

Waterproof  Pli^ 

In  certain  applications  of  the  gasoline  engine,  as  on  motor  boat 
engines  in  particular,  the  spark  plugs  are  likely  to  become  short- 
circuited  from  the  'spray  or  dampness.  A  special  plug  is  pro- 
vided to  prevent  such  an  occurrence,  and  a  plug  of  this  type  is 
spoken  of  as  a  waterproof  type.     The  only  difference  in  the  con- 
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etruction  of  a  plu|;  of  thia  type  and  the  ordinary  plug  is  the  addi- 
tion of  a  protective  book  of  hard  rubber  or  other  suitable  insula- 
tion placed  over  the  connections.  A  plug  of  this  type  is  shown  in 
Fig.  391. 

Primiiisr  Plugs 

The  priming  type  of  spark  plug  is  one  provided  with  a  pet 
cock  as  shown  in  Fig.  38S.  This  plug  usually  is  used  on  engines 
whieh  are  not  regularly  equipped  with  priming  or  compression- 
release  cocks. 

Anrplane  Type 

The  construction  of  the  airplane  type  of  spark  plug  anticipates 
the  development  of  great  heat.    A  plug  designed  for  this  particu- 


Figa.  384  and  3SS — Champion  ^10.  3S6— electrodes  with  aev- 

electrode  of  optn  points,  left,  eral  points  on  the  Stetcart  V- 

and  Center  Fire  bridge  Ran  and  Boach 

lar  use  is  shown  in  Fig.  393.  The  insulation  core  C  is  built  up  of 
mica  washers  and  has  square  shoulders.  These  square  shoulders 
afford  two  gasket  seats,  and  when  the  core  is  clamped  in  the 
ehell  by  the  check  nut  £  it  is  centered  accurately  and  a  tight 
joint  is  formed.  This  construction  gives  a  plug  shorter  than 
with  conical  fits  and  thus  improves  the  heat  radiation  through  the 
stem.  The  lower  end  of  the  shell  has  a  baffle  plate,  O,  which 
tends  to  keep  oil  from  the  mica.     Perforations,  L,  in  the  baffle 
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plate  preveot  burnt  gaaea  from  being  pocketed  behind  the  plate 
acd  pre-igniting  the  charge.  The  Stem  P  is  made  of  brass  or 
copper  for  superior  heat  conductivity,  and  the  electrode  J  is 
Bwedged  in  the  bottom  of  the  atem,  as  ahown  at  K.  The  shell  is 
tinned,  as  shown  at  G,  to  provide  greater  beat -radiating  surface. 
A  tin,  F,  at  the  top  of  the  stem  also  increases  the  radiation  of  the 
heat  from  the  stem  and  electrode.  The  top  of  the  Gn  and  portion, 
ia  countersunk  slightly,  and  the  stem  is  riveted  into  it,  thereby- 
preventing  leakage  past  the  threads  on  the  stem.  The  flnned  por- 
tion is  necked  at  A  to  take  a  slip  terminaL      In  building  up  the 


Fig    38T — Ptaga  tcilh  Inclosed       Figa.   3SS  and   SSO—Effciency  spark 
arraageiHent,    the    Rfjita    and     plug  and  special  attachment  for  series 
D  t  D   Fouleea  tpark  plug 

core  a  small  section  of  washers,  I,  ia  built  up  before  the  mica  in- 
sulating tube  D  IS  placed  on.  This  construction  gives  a  better 
support  for  I  The  baffle  plate  O  is  bored  to  allow  the  electrode 
J  to  pass  through,  and  the  clearance  between  the  bafQe  plate  and 
the  electrode  is  larger  than  between  the  firing  joints,  as  there  is 
no  danger  of  spark  jumping  from  electrode  to  baffle  plate.  This 
plug  is  supplied  with  or  without  the  finned  portion. 

Plug  Threada 

The  straight  threaded  plug  is  standard  European  practice.    The 
tiiread  itself  is  usually  fine  pitch.     Thia  type  of  plug  is  screwed 


SPARK  PLUGS  451 

In  tight  against  a  gasket  of  copper  or  aabestoB  to  prevent  break- 
age. Foreign.- made  plugs  usually  are  referred  to  as  metric  plugs, 
as  the  thread  dimenfliona  are  baaed  on  the  metric  standard. 

All  apark  piuga  in  this  country  were  made  flrat  with  an  iron- 
pipe  thread,  which  haa  a  taper  o(  %  inch  to  the  foot,  and  the 
plug  ia  screwed  into  the  cylinder  as  far  as  the  taper  will  permit, 


Fig.  390,  left — Magneilc  type 
ol  apark  plug.  Fig.  391,  upper 
tejl — Waterproof  tppe  o]  apark 
plug.  Fig.  892,  upper  Hght— 
Frimirio    type    of   tpark    plup 


no  gasket  being  used  to  bold  the  compression.  This  is  not  alto- 
gether satiafactory,  and  since  the  electric  system  ia  not  used 
very  extenaively  in  this  country,  a  aeparate  type  haa  been  de- 
veloped and  is  known  as  the  B.  A.  E.  standard  plug.  The  diame- 
ter and  thread  on  this  plug  both  are  somewhat  larger  than  those 
used  abroad. 

The  S.  A.  E.  atandarda  for  spark-plug  sheila  are  illustrated  in 
Fig.  394.  All  dimensions  below  the  ahoulder  are  identical  for  both 
■izee  of  apark-ping  shells.     The  spark  plugs  can  be  turned  in  by 
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bund,  udng  a  wrencli  only  for  fln&l  tightening,  if  the  tapa  ard 
made  to  dinensionB  as  follows:  Diameters,  nomioal  dimaigions, 
ODtdde,  A,  ,875  in.;  pitch,  B,  .839  in.;  root,  C,  .803. 


«HAU  HEX.  [M»0SSFUt9  URIiCHEX.I^  ACROSS  HATS 

Flff.  394 — S.  A.  E.  standard  dlnentUin  for  ipark-pluo  aheOi 
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The  spark  plugs  should  be  placed  in  the  wall  of  the  combus- 
tion chamber  in  such  a  position,  when  possible,  that  the  spark 
produced  between  the  electrodes  will  be  directly  in  the  path 
of  the  entering  fresh  gases  from  the  carbureter.  Several  meth- 
ods of  installing  spark  plugs  are  shown  in  Fig.  395.  In  the 
cut  marked  A  the  plug  is  screwed  into  a  threaded  hole  in  the 
valve  cap,  and  in  this  particular  case  the  electrodes  of  the  plug 
are  in  a  pocket.  In  the  cut  marked  B  the  position  of  the  spark 
plug  has  been  lowered  by  cutting  a  recess  in  the  top  of  the  valve 
cap,  which  allows  the  electrodes  of  the  spark  plug  to  extend 
down  so  there  is  ample  clear  space  around  them.  The  installation 
shown  at  A  is  much  more  troublesome  than  the  one  shown  at  B 
due  to  the  fact  that  the  electrodes  are  more  likely  to  become 
short-circuited  by  accumulation  of  oil  or  carbon,  and  some  of 
the  burned  gases  may  remain  in  the  pocket  and  thus  prevent  the 
fresh  mixture  from  the  carbureter  from  getting  in  around  the 
spark  gap. 

The  two  mountings  shown  in  cuts  C  and  D  are  practically  the 
same  so  Jfar  as  the  position  of  the  spark  gap  in  relation  to  the 
combustion  chamber  is  concerned,  but  their  mechanical  mounting 
in  the  cylinder  wall  differs.  The  method  of  mounting  shown  at  C 
does  not  permit  the  heat  to  be  transferred  as  readily  to  the  cooling 
jacket  as  the  installation  shown  at  D,  and  hence  the  plug  shown 
at  D  will  be  somewhat  more  efficient. 


A  nT  C  I> 

Fig.  895 — Several  methods  of  installing  spark  plugs 

Every  spark  plug  should  be  provided  with  some  form  of  termi- 
nal at  its  outer  end  by  which  the  end  of  the  high-tension  wire 
may  be  connected  electrically  to  the  insulated  electrode  of  the 
spark  plug.    This  terminal,  as  found  on  spark  plugs  at  the  present 
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time,  assumes  several  different  forms,  but  they  must  all  meet  one 
main  requirement,  that  is,  the  electrical  connection  must  be  made 
securely  so  there  is  no  chance  of  an  open  circuit  at  this  point. 
The  chief  difference  in  the  design  of  the  different  terminals  is  in 
the  manner  of  fastening  the  wire  or  terminal  on  the  end  of  the 
wire  to  the  plug. 

Gap  Between  Electrodes 

The  gap  between  the  electrodes  of  a  spark  plug  should  be  ad- 
justed to  approximately  ^  inch  for  spark  plugs  used  with  battery 
ignition  system,  and  to  approximately  half* this  amount,  or  ^ 
inch,  for  spark  plugs  used  with  magneto  ignition  systems.  Several 
companies  provide  a  thickness  gage  to  use  in  adjusting  the  dis- 
tance between  the  electrodes  so  that  the  best  results  may  be 
obtained  with  that  particular  system.  The  space  between  the 
terminals  of  the  electrodes  of  the  spark  plug  offers  a  very  high 
resistance  to  the  flow  of  electricity  until  sufficient  pressure  has 
teen  applied  to  produce  an  arc  between  the  electrodes,  which 
greatly  lowers  the  resistance.  This  arc  will  not  be  produced 
unless  sufficient  pressure  is  applied.  The  pressure  required 'to 
produce  an  arc  between  the  electrodes  of  a  spark  plug  depends 
upon  the  distance  between  the  electrodes  and  the  degree  of  the 
pressure  of  the  gas  in  the  combustion  chamber  in  which  the  spark 
plug  is  mounted.  The  pressure  required  also  depends  upon  the 
form  of  the  electrode,  that  is,  whether  it  is  round,  square,  pointed, 
etc.,  at  the  end.  The  larger  the  gap  between  the  electrodes,  etc., 
the  greater  the  electrical  pressure  required;  likewise,  the  greater 
the  pressure  in  the  combustion  chamber  the  greater  the  electrical 
pressure  required  to  produce  an  arc.  A  spark  plug  which  may 
appear  to  give  a  very  good  spark  when  it  is  tested  outside  the 
cylinder  may  not  work  at  all  satisfactorily  when  placed  in  the 
cylinder  due  to  the  high  pressure  in  the  cylinder. 


CHAPTER  XXV 

Ignition  Wiring  and  Timing 

THE  wiring  for  an  ignition  system  may  be  divided  into  two 
main  groups,  low  and  high-tension  wiring.  The  wires  for  the 
low- tension  circuits  are  subjected  to  a  relatively  low  voltage,  and 
the  insulation  surrounding  them  need  not  be  very  thick  to  prevent 
serious  leaks  of  electricity,  which  would  reduce  greatly  the  effi- 
ciency of  the  ignition  system.  On  the  other  hand,  the  wires  used 
in  the  high-tension  circuits  are  subjected  to  a  high  voltage,  and 
the  insulation  surrounding  them  must  be  of  ample  thickness  and 
of  such  a  character  as  to  withstand  easily  this  high  voltage  and 
thus  confine  the  flow  of  the  electricity  to  the  path  in  which  it  is 
supposed  to  move,  so  that  the  ignition  system  may  operate  satis- 
factorily. The  insulation  used  on  the  wires  for  both  the  low  .and 
l:igh-tension  circuits  must  possess  ample  mechanical  properties, 
?n  addition  to  their  electrical  properties,  to  withstand  the  heat 
and  mechanical  abuse  to  which  they  will  be  subjected  in  ordinary 
use.  The  cross-sections  of  several  of  the  different  kinds  of  wires 
used  in  motor  car  wiring  are  shown  in  Fig.  396. 

Great  care  always  should  be  exercised  in  placing  the  various 
ignition  wires  on  the  car,  so  they  may  be  subjected  to  the  minimum 
mechanical  abuse  of  the  shortest  length  possible,  run  in  such 
places  and  so  protected  that  they  will  not  be  seriously  injured 
by  water,  oil  or  heat. 

The  ends  of  all  wires  should  be  fastened  securely  at  their  ends 
to  reduce  to  a  minimum  the  likelihood  of  a  loose  connection  or 
open  circuit. 

Timing  Battery  System 

There  is  a  difference  between  the  time  when  the  spark  is  made 
between  the  electrodes  of  the  spark  plug  and  when  the  combus- 
tion of  the  gas  actually  takes  place.    If  the  combustion  of  the  gas 


466         ELECTRICAL  EQUIPMENT  OF  THE  MOTOR  CAR 

mixture  in  the  cylinder  actually  took  place  at  the  same  instant 
the  spark  in  the  combustion  chamber  was  produced  then  the 
proper  place  to  set  the  timing  mechanism  would  be  that  position 
which  would  cause  the  spark  to  occur  at  the  top  of  the  compres- 
sion stroke  of  the  piston  in  its  travel  up  and  down  in  the  cylinder. 
There  is,  however,  as  stated  above,  a  certain  amount  of  time 
required  for  the  gas  mixture  to  burst  into  full  explosion  after 
the  ignition  spark  occurs,  but  it  is  desirable  to  have  the  spark 


Fig.  396 — Cross-sections  of  wires  and  cal)le8  used  on  motor  cars 


occur  at  such  a  time  that  the  full  combustion  of  the  gas  will  take 
place  when  the  piston  is  at  the  point  of  highest  compression. 

There  are  two  main  points  to  consider  in  setting  the  time  of 
spark  in  relation  to  the  position  of  the  piston  in  its  travel  in 
the  engine  cylinder  and  these  are:  First,  the  kind  of  ignition  sys- 
tem and,  second,  the  speed  at  which  the  engine  piston  is  traveling. 

If  a  coil  and  vibrator  system  of  ignition  is  used,  it  is  no  more 
than  natural  to  suppose  that  the  actual  time  in  making  contact 
at  the  commutator  and  the  time  of  action  the  vibrator  will  be 
greater  than  if  a  single  contact  system  is  used  as  in  the  ease  of 
the  magneto  or  single-spark  system.    Hence,  it  is  necessary  to  set 
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the  Bpark  so  it  will  occur  a  longer  time  before  the  top  of  the 
compresBlon  stroke  than  will  be  neceasarj  when  an  ignition  eya- 
tem  that  ia  leas  sluggish  in  action  is  used. 

When  the  speed  of  the  piston  is  low,  or  the  engine  is  mnning 
slow,  the  time  required  for  the  piston  to  travel  from  a  given  point 
to  the  point  of  maximum  compression  will  be  considerablj  greater 
than  the  time  required  for  the  piston  to  travel  the  same  distance 
when  the  piston  is  traveling  at  a  higher  rate  or  the  engine  ia  run- 
ning fast.  It  readily  ia  seen  that  the  time  the  spark  occurs  in  tha 
engine  cylinder  in  relation  to  the  position  of  the  piston  must  be 
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Fig.  897— Sport  /uUv  advanced 

changed  as  the  apeed  of  the  engine  changes.  As  the  engine  speeds 
up  the  spark  should  be  caused  to  occur  at  an  earlier  time  in  relation 
to  the  position  of  the  piston  ao  there  will  be  a  full  combustion  of 
the  gases  in  the  engine  cylinder  when  the  piaton  is  at  its  extreme 
travel.  In  order  that  the  spark  may  occur  at  a  later  time  in 
relation  to  the  position  of  the  piston  the  contact  or  interrupter 
controlling  the  spark  should  be  moved  in  the  direction  of  rotation 
of  the  ahaft  driving  it.  In  practice  moving  the  interrupter  or 
contact  device  in  the  direction  the  shaft  driving  it  rotates  is 
called  advancing  the  spark,  while  rotating  the  interrupter  or  con- 
tact device  in  the  opposite  direction  ia  called  retarding  the  spark. 
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The  meaning  of  these  terma  will  be  clearly  understood  bj  refer- 
ence to  Figa.  397  and  398,  wbicb  ahow  the  spark  fully  advanced 
and  fully  retarded. 

Space  will  not  permit  a  complete  description  of  the  details 
of  the  method  of  timing  ail  the  various  battery  ignition  systems, 
but  the  following  main  points  must  be  kept  in  mind  always. 
Make  aura  the  contacta  on  your  timer  or  the  interrupter  are  oper- 
ating at  the  proper  time  in  relation  to  the  position  of  the  engine 
pistons  when  the  spark  lever  is  in  its  two  extreme  positions.  Make 
Eore  the  contacts  on  the  timer  are  connected  to  the  proper  primary 


Fig.  SSS—Eparh  /ulty  retarded 

coils  when  a  coil  is  used  for  each  cylinder  ^nd  that  the  secondary 
leads  from  these  coils  are  connected  to  the  proper  spark  plugs 
BO  the  firing  order  of  the  cylinders  will  be  correct.  Make  sure 
the  connections  from  the  distributor  to  the  various  spark  plugs 
are  correct.  Inspect  all  the  connections  and  wiring  for  appar- 
ent eases  of  tronble.  The  reader  is  referred  to  the  book  of  instruc- 
tions furnished  by  the  manufacturer  of  the  different  cars  for  the 
details  in  setting  the  positions  of  the  cam  operating  the  inter- 
rupter or  the  timing  contacts  of  the  timer,  etc. 


CHAPTER  XXVI 

Electric  Signals  and  Accessories 

DEVELOPMENT  of  atarting,  lighting  and  ignition  systems  has 
resulted  in  the  installation  on  the  motor  car  of  a  small  elec- 
trical powerplant  of  considerable  capacity,  and,  as  a  reanlt,  elec- 
trical energy  is  now  available  to  a  ranch  larger  degree  than  it 
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Fig.  399  and  400 — Butter-tvpe  electric  horni  In  which  the  clectro- 
maonet  acts  direcllv  upon  the  diaphragm,    ie/1,    ond    through    the 

was  on  the  early  cars,  which  usually  v/ere  provided  with  a.  set 
cf  dry  cells  and  at  most  a  storage  battery  which  had  to  be 
charged  by  removing  part  of  the  car.  As  a  result  of  this,  -larger 
sonices  of  electrical  energy  being  available  at  all  times,  a  great 
many  useful  electrical  accesBoriea  have  been  developed  to  quite 
a,  high  degree  of  perfection  and  add  to  the  convenience  and 
comfort  in  operating  the  car.  Some  of  the  more  important  of 
these  electrical  accessories  are  discussed  briefly  in  the  following 
paragraphs. 

Electrical  Alanns 

Electrical    alarms    operate    on    two    general    principles:    they 

may  be  of  the  buzzer  type  or  of  a  mechanically -actuated  dia- 


460        ELECTRICAL  EQXJIPMENT  OF  THE  MOTOR  CAR 

phragm  type.  The  operation  of  the  flrat  type  may  be  understood 
tcadily  by  reference  to  Figs.  399  and  400.  In  Fig.  399  the  dia- 
phragm is  attracted  directly  by  the  electromagnet,  while  in  Fig. 
400  the  diaphragm,  or  sound-producing  element,  is  vibrated  by 
a  plunger  attached  to  an  iron  armature,  which  in  turn  is  ac- 
tuated by  the  magnetic  action  ot  the  electromagnet. 

In  the  mechanically-operated  type  the  diaphragm,  or  sound- 
producing  element,  is  operated  by  a  ratchet  wheel  which  may 
be  made  to  revolve  either  by  hand  or  by  an  electric  motor,  de- 


pending upon  its  construction.  The  fundamental  principle  of 
the  mechanically -operated  horn  is  shown  in  Fig.  401.  A  glass- 
hard  tooth  wheel  W  is  made  to  revolve  and  cauaes  the  button  B, 
which  is  attached  to  the  diaphragm,  to  vibrate.  This  toothed 
wheel  may  be  in  a  horizontal  position  or  parallel  to  the  dia- 
phragm aa  shown  in  Fig,  402,  which  shows  a  cross-section  of  an 
electric  motor  used  in  revolving  the  wheel.  The  tooth  wheel 
is  carried  on  the  same  shaft  as  the  armature  H,  and  the  end 
thrust  is  taken  care  of  by  an  end  thrust  bearinf;  at  the  left 
hand  end.  The  adjustment  of  the  horn  is  made  by  turnini;  the 
screw  S  until  the  desired  note  is  obtained  when  the  horn  Is  run- 
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niitg  and  then  locking  S  la  poaitiou  by  the  nut  A.    The  working 
pfiTts  are  all  inclosed  by  the  cover  C. 

The  interior  views  of  two  different  types  of  hand  operated 
horns  are  shown  in  Fieb,  403  and  404.  The  toothed  wheel  in 
the  korn  shown  in  Fig.  403  is  driven  by  a  spiral  plunger  which 
must  be   depressed  by  hand.     Adjustment   of   tone   in  this  case 


is  provided  by  varying  ths  pressure  in  a  spring  in  front  of  the 
diaphragm  which  passes  the  diaphragm  against  the  toothed 
wheel. 

The  toothed  wheel  in  the  horn  shown  in  Fig.  404  is  driven  by 
n  special  bevel  gear.  The  larger  member  of  this  gear  is  ro- 
tated by  turning  a  handle  on  the  back  of  the  horn.  The  handle 
may  be  rotated  in  either  direction. 

An  unusual  form  of  electric  signal  is  shown  in  Fig.  405,  which 
consists  of  an  electrically -operated  bell.  The  bell  itself  is  cast 
from  bronze  and  on  top  of  it  is  monnted  a  smaller  compartment 
containing  a  small  electric  tamp  and  provided  with  windows  of 
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polished  ruby  jewels.     Inside  the  bell  is  an  electromagnet  whicb 
operates   the   clapper   through   special   alloy   contacts.      The   bell 


Fig.  404 — Exterior  anil  interior  of  crank-optrated  horn 

ia  provided  with  a  bracket  for  fastening  it  to  the  front  of  the 
radiator. 

Care  of  Electric  Honu 

The  eare  of  the  buzzer  type  of  electric  horn  is  practically  tliB 
same  as  that  given  the  electric  cut-out  and  the  regulators  used 
with  the  generators.  It  will  be  necessary  to  clean  and  true 
up  the  contact  points  at  intervals  and  it  more  than  likely  will  be 
necessary  to  adjust  the  spring.  A  weak  sound  may  be  due  to  a 
discharged   battery,  open   circuit,   grounded  circuit  or  lack  of 
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adjuatment.  An  open  circuit  may  be  caused  hy  a,  broken  nirs, 
jicor  contact  in  push  buttons,  loose  connection  or  lack  of  adjust- 
ment in  horn,  wbick  may  result  in  tbe  contacts  not  making  con- 


Flg.  409 — Several  jorma  of  apotUahte  a»d  moanlliign 

tact  and  no  current  can  pass  througb  the  winding  of  tbe  electro- 
magnet. 

In  the  motor-driven  type  of  horn  the  commutator  and  brushes 
will  reipire  attention  at  more  or  less  regular  intervals,  depend- 
ing upon  the  use  that  is  made  of  the  horn.    A  born  of  this  type 
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may  fail  to  operate  due  to  a  broken  wire,  grounded  circuit, 
looae  connection,  dirty  commutator,  brushes  not  properly  ad- 
justed, poor  contact  in  contact  button,  or  the  battery  may  be 
exhausted.  It  may  happen  that  the  motor  will  run  but  the 
horn  may  produce  a  very  weak  sound  or  no  sound  at  all  aid  in 
such  a  case  it  is  due  to  the  poor  contact  between  the  toothed 
wheel  and  the  button  on  the  diaphragm.  An  adjustment  may 
remedy  this  difficulty  or  it  may  be  necessary  to  replace  either 
the  button  or  toothed  wheel  or  both  as  they  will  wear  out  in 
time  in  spite  of  the  fact  that  they  are  both  made  glass  bard. 

Spot  Lighb 

The  primary  purpose  of  a  spotlight  is  to  aSord  a  light  which 
may  be  directed  by  the  driver  or  other  occupant  of  the  car  in  any 
direction,  independent   of 
the  direction  in  which  the 
car  is  traveling.  The  spot- 
,  light   couststs   of   a   para- 

bolic reflector  provided 
with  a  suitable  incan- 
descent lamp  mounted  in 
a  containing  case  with  a 
glass  front  and  fastened 
to  an  adjustable  bracket 
attached  to  some  part  of 
the  car  within  easy  reach 
of  the  party  who  is  to 
control  the  direction  in 
which  the  light  from  tha 
lamp  is  to  be  thrown. 
Very  frequently  the  spot- 
light housing  is  provided 
with  a  mirror  by  which 
the  driver  may  be  able  to 
determine  what  is  behind 
him  while  driving  during 
the  day,  provided  the 
spotlight  is  fixed  in  a 
definite  position.  The  switch  controlling  the  spotlight  may  be 
mounted  in  the  handle  on  the  housing  or  it  may  be  placed  on  the 
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cowl  board  or  within  easj  reBch  ot  the  operator.     Several  difterent 
fonna  of  spotlightB  Had  brackets  ace  ahown  in  Fig.  406. 

Trouble  Lamps 

The  trouble  lamp  usually  coasists  of  a  Bmoll  rsflector  on  the 
end  of  a  convenient  handle  and  provided  with  an  incandes- 
cent lamp  of  proper  voltage.  A  fieiible  extension  cord  is  provided 
for  connecting  the  lamp  to  one  of  the  lamp  sockets  on  the  car 
or  one  apeeially  provided  for  the  trouble  lamp.  One  form  of 
trouble  lamp  ia  shown  in  Fig.  407.  In  some  forms  a  reel  is 
provided  upon  which  the  extension  cord  may  be  wound.  The 
reel  usually  is  operated  by  a  coiled  spring  which  is  under  tenaioii 
when  the  extenaion  cord  Is  pulled  out. 


Fig.  408 — rwo  tinda  of  electric  heating  decfces 

Electric  Heaters 

The  electric  heater  is  a  device  in  which  electrical  energy  is 
converted  into  heat  energy.  A  device  of  thia  kind  frequently 
is  uaed  in  keeping  the  engine  warm  and  preventing  the  radiator 
from   freezing  in  a  cold  garage.     Two   electric  heatera  for   this 
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purpose  are  shown  in  Fig.  408.  The  electric  heater  is  sometimes 
:DHta11ed  in  the  intake  manifold  to  get  better  carburetion.  and 
thus  facilitate  starting.  A  device  of  this  kind  is  Hhown  in 
Fig.  409. 

Slgnak  and  Directkm  Indicahuv 

Several  different  kinds  of  electric  signals  and  direction  indi- 
catoTH  have  been  deviaed  and  perfected  bo  that  the  driver  of  a 
car  may  give  notice  to  those  immediately  behind  of  his  intention 
to  stop  or  turn  to  the  right  or  left  with  a  view  to  eliminating  the 
<;3nger  of  collision.  Devices  of  this  kind  are  shown  in  Fig.  tlO. 
The  Warner  device  shown  at  A  in  the  figure  consists  of  a  brass 
cuter  housing  with  a  rectangular  opening  cut  out  in  the  back  side 
of  it.  Inside  this  brass  shell  there  is  a  glass  tube  directed  into 
BKHeejwireit'  ■ 


Fig.  409 — ilanifold  heating  device,  left,  thowiny  inetoHcitfon 

four  sections.  On  one  of  these  sections  there  appears  in  large 
letters  the  word  STOP.  Another  section  is  colored  plain  red  and 
the  other  two  are  labeled  TURN  with  arrows  pointing  to  the  right 
and  left  respectively.  Three  electromagnets  are  mounted  inside 
the  brass  shell  at  one  end,  and  these  magnets  may  be  made  to  act 
upon  an  armature  attached  to  the  shaft  upon  which  the  glass  tube 
is  mounted.  The  position  of  the  glass  tube,  of  course,  will  depend 
upon  which  of  the  magnets  is  acting  upon  the  armature,  which 
ia  turn  will  depend  upon  which  button  or  circuit  is  closed.  In 
the  cross-section  shown,  the  armature  is  at  the  bottom  where  it 
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tends  to  Btay  normally  under  the  action  of  gravity,  the  magnets 
being  tie -energized. 

The  Safety-Lite  signal  whii.h  la  shown  at  B  in  Fig  410,  indicates 
the  direction  in  which  a  car  la  going  to  turn  by  means  of  arrows 
The  device  consista  of  a  metal  containing  laae  containing  elect^i^ 
bulba  which  may  be  controlled  from  the  dash  or  ateering  wheel. 
The  light  from  the  electric  bulbs,  depending  upon  which  one  la 
lighted,  brightens  either  the  right  or  left  arrow  ao  aa  to  render  it 
clearly  visible  to  a  driver  in  the  rear. 

A.  third  form  of  signal,  called  the  Fomeroy,  ia  shown  at  C  in 
rig,  410,  This  aignal  is  provided  with  three  aolenoids.  Two 
operate  the  swinging  indicator  lever  so  as  to  show  L  or  R,  and 
the  third  controls  a  ahutter  which  normally  hides  the  word  stop 


different  tapes  of  signals 


There  are  many  other  forms  of  signala  and  direction  indicators, 
t>ut  they  all  have  a  common  purpose,  and  their  operation  should 
be  made  as  near  automatic  aa  poasible.  For  this  reason  in  a  great 
many  cases,  the  electrical  circuits  controlling  their  operation  are 
opened  and  closed  by  the  driver  in  operating  some  part  of  the  car, 
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such   as   pressing   tlie   brake   pedal,   wbicti   will   cause   the   word 
"atop"  to  appear  on  the  signal  board. 

The  Electric  Bnke 

The  object  of  the  electric  brake  is  to  provide  an  easily  op- 
erated electrical  meana  of  applying  the  brakes  on  a  ear  and 
thus  do  away  with  the  manual  labor  usually  connected  with 
their  operation.  In  the  Hartford  electric  brake  a  high  speed 
Heries  motor  is  used,  and  this  motor  may  be  wouDd  so  that  it 
may  be  operated  from  any  voltage  source  of  electric  energy 
available.  For  motor  ear  work  the  more  common  voltages  are 
6,  12  and  24  volts.    The  armature  shaft  of  the  motor  carries  a 


I 


worm  which  engages  a  worm  gear,  the  reduction  being  100  to  1. 
This  worm  gear  drives  a  drum  through  the  medium  of  an  internal 
gear  at  a  reduction  of  4  to  1,  which  makes  the  total  reduction 
from  motor  shaft  to  drum  400  to  1.  The  pull  of  the  motor  is 
transmitted  to  the  brake  mechanism  by  a  steel  cable  one  end  of 
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which  is  attached  to  the  brake  equalizer  and  the  other  end  winds 
on  the  drum. 

The  motor  is  controlled  by  a  special  controller  mounted  within 
easy  reach  of  the  driver  as  shown  in  Fig.  411.  The  first  point 
on  this  switch,  which  is  a  two-point  affair,  gives  ample  braking 
power  for  all  ordinary  requirements,  while  the  second  point  gives 
a  much  greater  braking  power  and  is  used  in  making  emergency 
stops.  Restoring  the  switch  to  its  original  position  immediately 
disengages  the  brake. 

The  motor  used  in  operating  the  brake  is  capable  of  making 
10,000  revolutions  per  minute  when  running  idle,  and  under  load 
it  can  exert  a  pull  of  1000  pounds  at  a  speed  equivalent  to  a 
quick  application  of  the  hand  emergency  brake.  A  slipping 
clutch  prevents  the  motor  from  exerting  a  pull  in  excess  of  1000 
pounds,  and  a  ratchet  prevents  the  brake  from  slipping  off.  The 
powerful  pull  excited  by  the  motor  on  the  brake  cable  permits 
of  operating  the  emergency  brake  in  oil.  The  motor  will  take  a 
current  of  40  amperes  for  approximately  two-fifths  of  a  second 
from  a  6-volt  battery  for  each  application  of  the  emergency  brake. 

Electric  Vidcanizers 

The  electric  vulcanizer  is  a  vulcanizer  in  which  the  heat  is 
supplied  by  passing  an  electric  current  through  a  resistance  unit. 
This  resistance  unit  is  mounted  in  half  of  the  vulcanizer  or  in 
one  of  the  plates.  Thermostats  are  provided  in  some  for  auto- 
matically cutting  off  the  current  when  the  temperature  has  at- 
tained the  correct  value,  and  others  have  a  thermometer  opening 
or  pocket  into  which  a  thermometer  may  be  placed  and  the  tem- 
perature observed.  These  vulcanizers  are  provided  with  flexible 
leads  and  are  wound  for  different  voltages  ranging  in  value  from 
6  to  110  and  220. 


CHAPTER  XXVII 

Electric  Gearshifts  and  Transmissions 

THE  electric  gearshift  is  another  valuable  addition  to  the  elec- 
trical equipment  of  the  motor  car  which  has  been  made  pos- 
sible by  the  installation  of  a  charging  generator  and  a  constantly 
changed  storage  battery. 

Four  movements  are  necessary  to  engage  all  of  the  speeds  in 
a  standard  three-speed  forward  and  out  speed,  reverse  gear  of  the 
selective  type.  These  various  changes  are  carried  out  as  fol- 
lows: A  sliding  pinion  is  used  for  first  and  second  speeds,  a 
toothed  clutch  for  the  direct  drive  and  an  idler  between  two  of 
the  gears  for  giving  the  reverse  speed.  All  of  the  preceding 
movements  are  accomplished  by  a  yoke  attached  to  the  member 
being  moved.  The  yoke  is  attached  to  a  movable  bar,  which 
is  in  turn  connected  to  the  hand  lever  through  a  convenient  link- 
age. The  electrically-operated  gear  is  identical  to  the  arc  de- 
scribed and  all  the  parts  mentioned  are  retailed  with  the  excep- 
tion of  the  hand  lever.  The  two  movable  bars  to  which  the  yokes 
are  attached  are  lengthened  somewhat,  and  their  ends  form 
armatures  or  cores  for  four  solenoids. 

The  principle  of  operation  of  the  electric  gearshift  may  be 
understood  easily  by  reference  to  Fig.  412,  which  shows  in  a 
simplified  diagrammatic  form  the  operating  electrical  circuit,  push 
buttons  and  solenoids.  There  are  four  solenoids,  one  for  each 
movement  necessary.  If  you  press  button  1  you  close  the  circuit 
solenoid  1,  causing  the  movable  bar  A  to  move  to  the  left.  If 
you  press  button  2  you  close  the  circuit  to  solenoid  2,  causing 
the  movable  bar  A  to  move  to  the  right.  If  you  press  button  3, 
solenoid  3  is  energized  and  the  movable  bar  B  moves  toward 
the  left,  while  if  you  press  button  E  solenoid  R  is  energized  and 
the  movable  bar  moves  toward  the  right.  Pressing  the  button  N, 
called  the  neutral  button,  and  then  throwing  out  the  clutch  neu- 
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tralizes  the  gears,  that  is,  all  gears  are  disengaged  and  the  engine 
is  no  longer  connected  to  the  propeller  shaft. 

The  above  buttons,  which  are  mounted  within  easy  reach  of 
the  driver,  usually  upon  the  steering  post,  when  pressed  do  not 
entirely  close  the  circuit  to  the  respective  solenoids  but  merely 
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Fig.  412 — Principle  of  operation  o/  electric  gearshift  in  siinplifled 

form 


place  the  particular  solenoid  which  they  control  in  connection 
•with  what  is  called  the  master  switch.  These  buttons  themselves 
are  referred  to  as  selector  switches,  because  they  select  in  ad- 
vance the  circuit  and  hence  the  solenoid  which  will  be  energized 
when  the  master  switch  is  closed.  The  master  switch  is  con- 
trolled by  the  clutch  pedal,  and  it  is  closed  when  the  clutch  pedal 
is  pushed  down  to  the  extreme  position.  The  clutch  pedal  has 
ample  movement  so  that  the  clutch  may  be  disengaged  without 
closing  the  master  switch. 

In  stopping  the  car  the  neutral  button  is  pressed  and  the  clutch 
pedal  pressed   all  the  way  down.     When  the  neutral  button  is 
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pressed,  all  the  contacts  wkieh  may  have  been  closed  previously 
by  tbe  selector  switch  buttons  are  broken,  and  depressing  the 
clutcb  pedal  then  brings  into  action  what  is  called  the  neutraliz- 


ing device,  For  example,  if  the  car  has  been  running  on  blgh  and 
j'OU  desire  to  stop,  the  neutr&l  button  is  pressed  and  tbe  clutch 
pedal  pushed  all  the  way  down  against  tbe  floor  board.  This 
csuses  the  lever  K,  see  Fig.  413,  to  move  forward  and  then  the 
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UfUtralizing  causea  F  to  pull  on  the  boss  on  the  shifting  forks 
as  if  a  Bbift  in  gears  were  to  be  made,  and  the  master  switch  M 
will  also  close.  Since  the  neutral  button  has  opened  all  of  the 
tclector  snitches,  all  the  solenoids  have  no  current  in  thsir  wind- 
ing and  the  geara  remain  in  neutral.  A  plain  view  of  the  neu- 
tralizing device  ajid  master  switch  are  shown  in  Fig.  414,  and 
two  of  the  solenoids  with  their  mountings,  are  shown  in  Pig,  415. 
The  relative  location  of  the  different  parts  of  the  complete  device 


are  shown  in  the  phantom  view  in  Fig.  416.  The  solenoids  are 
iiarked  B  1,  B  2,  B  3  and  B  4  and  their  respective  cores  are 
marked  C  1,  C  2,  C  3  and  C  4. 

In  passing  from  one  speed  to  another  the  operation  is  aa  fol- 
lows; The  selector  switch  corresponding  to  the  desired  speed  ia 
pressed  and  the  clutch  pedal  is  rotated  all  the  way  forward, 
which  rotates  the  operating  lever  K  and  its  shaft  upon  which 
the  rocker  arm  I  and  Its  mecbaniam  are  mounted.  The  latch  H 
is  in  engagement  with  the  pawl  Q  of  the  neutralizing  mechauiam, 
and  aa  the  operating  lever  and  the  rocker  arm  I  are  rotated,  the 
latch  H  presses  against  the  pawl  Q,  causing  both  of  the  neutraliz- 
ing cama  F  to  rotate  toward  the  center  aa  they  are  engaged 
through  the  teeth  P.  On  the  central  side  of  the  shifting  fork  D, 
Fig.  416,  is  a  boss  and  aa  the  neutralizing  cams  rotate  they  press 
against   the   boss   on   whichever   aide   ia   in  engagement,   and  the 
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Kliifting  fork  and  the  gear  with  whith  it  ia  engaged  are  pulled 
bat^k  to  the  neutral  position  before  the  next  shift  can  be  made. 
As  the  gear  comes  into  the  neutral  pcaition,  the  end  of  the  latch 
H  Bttikss  what  is  called  the  knockout  pin,  which  action  releases 
the  latch  from  engagement  with  the  pawl  Q,  and  as  the  operating 
Ipver  K  ia  moved  ahead  by  the  lever  pressing  down  on  the  clutch 
|)eilal,  the  switch  operating  pawl  L  pulls  against  the  switch  stem 


riff.  41B — Phanlom  riete  of  Cutlfr-Hammer  electric  gfanliift 

and  tyloses  the  circuit  at  the  master  switch.  The  gears  may  be 
changed  by  hand,  should  the  battery  become  exhausted,  by  in- 
serting an  emergency  hand  lever  in  the  socket  S  and  the  gears 
ohanged  in  the  usual  manner. 

In  starting,  all  gears  are  in  neutral.  The  first  thing  to  do  is  to 
presa  the  first -speed  selector  switch  nhich  connects  ont  of 
the  solenoids  to  the  master  switch.  Next  depressing  the  clotch 
j'l'dal  alt  the  way  down  rotates  the  lever  K,  see  Fig.  413,  throngh 
the  connecting  rod  L  ivhich  is  attached  to  the  clutch  pedal.  This 
operation  pulla  the  blades  of  the  master  switch  M  into  contact 
■■vhich  completes  the  circuit  and  energizes  the  first  speed  solenoid. 
As  the  gears  are  engaging  and  while  the  sliding  member  is  within 
about  U  inch  of  being  at  the  end  of  its  movement,  the  pawl  G, 
s«e  Fig.  414,  falls  back  due  to  the  pull  of  the  magnet  against 
the   triggor  N.  which   is  attached  to  the  switch  operating  pawl 


ELECTRIC  GEARSHIFTS  AND  TRANSMISSIONS        475 

L.  The  pawl  L,  due  to  this  action,  is  made  to  raiae  out  of  engage- 
ment with  the  stem  of  the  master  switch  and  the  switch  opena 
instantly  duo  to  the  action  of  the  spring  O.  The  time  of  this  opera- 
tion during  which  current  is  drawn  from  the  battery  is  in  tho 
neighborhood  of  one-third  of  a  second, 

Wring  of  Geanhift 

A  complete  wiring  diagram  of  the  electrie  gearshift  is  shown 
in.  Fig.  417.     A  single  wire  leads  from  each  solenoid  through  the 


Fig.  417 — Complete  tclfing  diagram  of  electric  gearehift 
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in  the  operation  of  the  electric  gearshift: 

Pirst,  exhausted  or  too  weak  a  storage  battery. 

Second,  a  break  in  the  link  connecting  L  to  the  clutch  pedal. 

Third,  dirt  in  the  master  switch  contacts  of  wear  of  same,  thus 
preventing  contact. 

Fourth,  failure  of  the  spring  O,  which  closes  the  master  switch. 

Fifth,  loose  connections  due  to  vibration  at  the  terminal  block 
or  selector  switches. 

Sixth,   jamming  of   solenoid   cores   in   the   brass   tubes   due   to 
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the  shaft  getting  out  of  alignment.    This  may  be  tested  by  using 
the  emergency  hand  lever  to  see  if  the  gears  shift  easily. 

Seventh,  broken  connections  in  the  wires  or  windings,  which 
are  not  very  likely  to  occur  on  account  of  the  excellent  protection. 

Woods  Dual  Power  Car 

Motor  cars  propelled  by  a  combination  gasoline  and  electric 
powerplant  are  called  dual  power  cars.  The  possibilities  in  the 
arrangement  of  the  control  of  a  car  of  this  kind  are  very  great, 
yet  the  control  must  be  as  simple  as  the  ordinary  gasoline  car 
and  at  the  same  time  allow  the  driver  to  use  hoth  the  engine  and 
the  electric  powerplant  to  the  best  advantage  under  all  conditions 
of  driving.  Some  of  the  advantages  of  the  dual  power  system 
will  be  apparent  after  reading  the  description  of  the  operation 
of  the  engine  and  motor  combination.  One  of  the  best  examples 
of  a  car  of  this  type  is  found  on  the  Woods  dual  power  car,  manu- 
factured by  the  Woods  Motor  Co.,  Chicago. 

The  powerplant  of  the  Woods  dual  power  car,  a  plan  view 
of  which  is  shown  in  Fig.  418,  consists  of  a  four-cylinder  Con- 
tinental 2%  in.  gasoline  engine,  a  magnetic  clutch  of  Cutler- 
Hammer  make,  a  compound-wound  dynamotor  manufactured  by 
the  General  Electric  Co.  and  rated  et  48  volts  and  60  amperes 
and  a  special  Exide  storage  battery  of  24  cells  having  a  capacity 
of  115  ampere-hours  based  on  a  5-hour  discharge  rate. 

The  engine,  clutch  and  dynamotor  are  combined  into  a  single 
unit  from  which  the  power  is  transmitted  direct  to  the  rear  axle 
without  passing  through  a  variable  gear.  A  Baush  undermounted 
worm  gear  is  used  in  the  rear  axle,  having  a  reduction  of  8.25 
to  L 

The  magnetic  clutch  is  of  the  plate  variety  and  is  combined 
with  the  flywheel.  A  coil  is  set  into  a  recess  cut  in  the  flywheel 
rim,  and  when  this  coil  is  undersized  the  clutch  plate  is  drawn 
against  the  flywheel  rim  by  the  magnetic  force  produced  by  the 
current.  The  clutch  plate  is  faced  with  asbestos  fabric,  and  the 
clutch  cannot  be  seriously  injured  by  slipping. 

The  dynamotor  is  of  the  compound-wound  type  and  its  motor 
characteristics  are  somewhat  different  from  the  characteristics 
of  the  motors  found  in  the  ordinary  electric  vehicle  or  when  the 
car  is  being  driven  by  the  gasoline  engine  alone,  when  the  clutch 
current  is  taken  direct  from  the  armature  of  the  dynamotor.    The 
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dynamotor  is  used  in  starting  the  car  just  as  an  ordinary  clutch. 
is  started,  when  the  engine  is  at  rest. 

The  starting  controller,  or  the  control  panel  as  it  is  called, 
and  the  reversing  switch  are  located  under  the  driver's  seat  and 
there  is  a  shunt  field  control  rheostat  under  this  foot  board.   There 
are  two  finger  levers  on  the  steering  wheel.     The  outer  of  theso 
two  levers  controls  the  field  rheostat,  and  when  this  lever  is  at 
the  top  of  the  wheel,  all  the  field  resistance  is  in  circuit.     The 
inner  finger  lever  controls  the  clutch  circuit  and  the  throttle. 
When  the  car  is  standing  and  the  engine  is  idle,  both  finger  levers 
are  near  the  bottom  of  the  sector  on  the  steering  wheel,  and  mov- 
ing these  levers  forward  or  up  has  the  effect,  while  the  car  is  in 
operation,  of  increasing  the  speed,  and  in  this  respect  the  control 
is  similar  to  the  gasoline  car.    The  first  slight  movement  of  the 
inner  finger  lever  opens  the  throttle  of  the  gasoline  engine,  and 
continued  movement  of  this  same  lever  closes  the  circuit  of  the 
magnetic  clutch,  which  operates  on  full  battery  voltage,  except 
when  the  car  is  being  reversed,  when  the  clutch  is  free  or  when 
the  car  is  being  driven  by  the  gasoline  engine  alone,  when  the 
clutch  current  is  taken  direct  from  the  armature  of  the  dynamo- 
tor.    The  throttle  continues  to  open  as  the  lever  is  moved  upward 
until  the  top-notch  position  of  the  lever  is  reached. 

The  main  switch  on  the  control  panel,  which  connects  the 
dynamotor  to  the  battery,  is  not  operated  directly  or  mechanically 
by  the  driver  but  through  the  medium  of  a  solenoid. 

In  addition  to  the  main  switch  for  connecting  the  dynamotor  to 
the  battery,  there  is  a  secondary  switch  located  under  the  main 
switch.  The  purpose  of  this  secondary  switch  is  to  short-circuit 
the  starting  resistance  when  the  current  drawn  from  the  battery 
by  the  dynamotor,  which  is  operating  as  a  motor,  has  dropped 
down  to  about  175  amperes.  This  operation  of  the  secondary 
switch  is  accomplished  by  a  differential  electromagnet.  The 
switch  is  held  open  by  a  series  winding  through  which  the  main 
current  of  the  dynamotor  passes  and  is  closed*  by  a  shunt  wind- 
ing. At  the  moment  of  starting  from  rest,  the  motor  draws  a 
very  heavy  current  from  the  storage  battery,  which  may  amount 
to  as  much  as  400  amperes.  This  very  large  current  makes  the 
series  winding  very  powerful  and  the  secondary  switch  is  held 
in  the  open  position,  although  the  shunt  winding  tends  to  close 
it.     As  the  current  taken  by  the  motor  decreases  in  value  the 
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magnetic  action  of  the  shunt  winding  finally  overpowers  the 
series  winding  and  the  secondary  switch  closes,  cutting  out  the 
starting  resistance. 

Adjacent  to  the  main  and  secondary  switches  is  a  reversing 
switch  by  which  the  armature  leads  of  the  dynamotor  are  re- 
versed  to  permit  backing  the  car  by  electric  power  only.  There 
is  an  interlocking  mechanism  between  the  right-hand  control 
pedal  and  the  reverse  switch,  so  arranged  that  the  reversing 
switch  cannot  be  operated  unless  the  right-hand  control  pedal 
is  pressed  forward  until  the  brake  is  applied.  A  complete  wiring 
diagram  of  the  car  showing  all  constructions  is  given  in  Fig.  419. 

In  starting  the  car  the  operations  are  as  follows:  First  the 
lock  switch  on  the  steering  wheel  is  turned  to  the  "on"  position, 
which  closes  the  main  switch  operating  solenoid  at  this  point  and 
the  ignition  circuit  also  is  closed.  Next  the  outer  finger  lever 
is  moved  a  short  distance  up  on  the  sector,  which  closes  the  cir- 
cuit of  the  main  switch  solenoid  at  another  point.  The  circuit 
of  the  main  switch  solenoid  is  now  complete  and  the  main  switch 
closes,  causing  the  car  to  start  forward  as  an  ordinary  electric. 
To  start  the  engine  the  inner  finger  lever  is  moved  up  on  the 
sector  a  short  distance.  The  first  motion  of  this  lever  opens  the 
throttle  slightly  and  further  movement  closes  the  magnetic 
clutch  circuit  and  opens  the  throttle  more.  As  the  throttle  is 
opened  up  still  more  the  engine  speeds  up  or  tends  to  do  so  and 
thus  assists  the  electric  motor  in  propelling  the  car.  If  the  field 
resistance  of  the  motor  remains  fixed  in  value  and  the  power  sup- 
plied by  the  engine  is  increased  by  opening  the  throttle,  then  the 
speed  of  the  car  will  be  increased  slightly  and  the  engine  will 
supply  a  larger  and  larger  part  of  the  total  power  supplied  to 
the  propeller  shaft  until  the  motor  is  delivering  no  power  at  all, 
as  the  voltage  generated  in  its  armature  at  this  higher  speed  is 
then  equal  and  opposite  to  the  voltage  of  the  battery,  A  further 
increase  in  speed  changes  the  motor  to  a  generator  and  it  starts 
to  charge  the  battery.  The  speed  at  which  the  machine  changes 
from  a  generator  to  a  motor  or  from  a  motor  to  a  generator  will 
depend  upon  the  value  of  the  resistance  in  the  field  circuit,  pro- 
vided the  battery  voltage  is  constant.  The  lower  this  resistance 
the  lower  the  speed  at  which  this  change  takes  place.  Weaken- 
ing the  field  of  the  dynamotor  lowers  its  voltage  and  decreases 
its  generator  action  if  it  is  acting  as  a  generator  or  tends  to 
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increase  the  speed  if  it  is  acting  as  a  motor.  It  is  possible  to  run 
the  car  on  the  gasoline  engine  alone  with  the  dynamotor  entirely 
disconnected  from  the  battery. 

Magnetic  Brakmg 

If  the  voltage  in  the  armature  of  the  dynamotor  is  greater  than 
the  voltage  of  the  battery,  a  charging  current  will  be  sent  through 
the  battery  and  the  dynamotor  acts  as  a  generator.  Power,  of 
course,  is  required  to  drive  the  armature  of  the  dynamotor  when 
it  is  delivering  power  to  the  battery  and  this  power,  as  in  the 
case  of  dynamic  braking,  may  be  derived  from  the  rear  axle  due 
to  the  tendency  of  the  car  to  run  down  hill  or  coast.  This  brak- 
ing effect  can  be  increased  by  cutting  out  resistance  in  the  field 
circuit.  This  results  in  the  energy  stored  in  the  car  being  trans- 
formed into  electrical  energy  in  the  battery  instead  of  being 
wasted  in  heating  and  wearing  the  brake  bands. 

Entz  Transmission 

The  principle  of  operation  of  the  Entz  transmission  is  really 
that  of  the  clutch.  The  Entz  transmission  is  an  electro-magnetic 
clutch  which  is  always  slipping,  sometimes  a  great  deal,  sometimes 
a  very  little;  and  the  energy  dissipated  by  the  slip  is  recovered 
to  be  used  again  later  on.  If  a  car  had  a  clutch  made  of  some 
material  which  could  not  be  burnt  or  worn  out,  it  would  be  possible 
to  arrange  a  transmisison  by  a  purely  mechanical  device  for 
tightening  or  loosening  the  grip  of  the  clutch,  but  if  this  were 
done,  the  instant  the  clutch  began  to  slip  energy  would  be  wasted 
in  the  form  of  heat.  This  heat  energy  could  not  be  recovered,  and 
also  the  more  we  wanted  to  use  the  slip  so  as  to  give  the  effect 
of  a  lowered  gear  ration,  the  greater  the  proportion  of  the  energy 
that  would  be  wasted. 

The  Entz  magnetic  transmission  is  a  clutch  that  can  be  tight- 
ened magnetically,  but  the  slip  creates  electrical  energy  instoad 
of  heat  energy,  and  this  electrical  energy  is  used  to  drive  the  car. 
The  power  of  the  engine  is  delivered  at  high  speed,  and  relatively 
low  torque,  and  transformed  into  power  at  low  speed  and  high 
torque  at  the  rear  axle  without  any  direct  mechanical  connection 
through  gears  or  a  slipping  mechanical  clutch  of  any  kind. 

The  two  essential  elements  of  the  electrical  transmission  are 
units  of  electrical  machinery  that  central  station  work  or  nearly 
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two  generations  has  proved  good  and  reliable.  Added  to  this  is 
the  extremely  important  point  that  the  brushes  and  commutator 
bars  which  are  the  only  parts  of  an  electric  generator  that  are 
at  all  likely  to  wear  out  are  hardly  ever  used  anything  like  so 
hard  as  they  would  in  lighting  service.  Like  all  other  transmis- 
sions, the  Entz  transmission  does  most  of  the  work  on  high  gear, 
and  the  difference  in  the  speed  between  the  electrical  moving 
parts  is  then  only  from  60  to  100  r.  p.  m.,  as  compared  to  several 
hundreds  of  revolutions  for  a  central  station  dynamo  or  several 
thousand  for  motor  car  lighting  generator.  It  is  thus  obvious 
that  so  slow  a  rubbing  speed  of  brushes  on  the  commutator  as 
this  can  produce  but  very  little  wear,  and  the  life  of  the  parts 
ought  to  be  very  good. 

General  Arrangement  of  Parts 

Turning  to  Fig.  420,  which  is  a  cross-section  of  the  complete 
transmission,  it  is  seen  that  the  field  magnets  and  coils  of  the 
generator  form  the  flywheel  of  the  engine.  Neglecting  the  motor 
part  of'  the  transmission,  the  armature  of  the  generator  is  on  a 
shaft  running  free  from  a  spigot  ball-bearing  in  the  flywheel 
and  attached  at  the  other  end  to  the  driveshaf t  and  so  to  the  level 
pinion  of  the  rear  axle.  Thus  the  field  of  the  generator  runs 
always  at  propeller  shaft  speed. 

The  effect  of  running  the  engine  and  so  spinning  the  field  mag- 
nets of  the  generator  is  to  reduce  currents  in  the  armature  which 
make  a  magnetic  attraction  between  the  armature  and  the  field. 
This  is  equivalent  to  tightening  the  fields  upon  the  armature 
if  we  follow  the  clutch  analogy,  so  the  armature  tries  to  turn 
with  the  field  and  will  do  so  if  the  resistance  to  motion  of  the 
car  as  a  whole  is  not  too  great.  This  means  that  part  of  the 
energy  delivered  by  the  engine  is  used  in  developing  electrical 
energy. in  the  armature  and  part  to  the  direct  mechanical  work 
of  turning  the  propeller  shaft  and  so  driving  the  car.  Now  this 
electrical  energy  which  is  developed  in  the  armature  of  the  gen- 
erator is  taken  to  the  second  part  of  the  transmission,  which  is 
an  electric  motor.  This  is  also  shown  in  Pig.  420,  and  its  field 
magnets  are  fixed  stationary,  while  the  armature  is  keyed  to  the 
same  shaft  as  the  armature  of  the  generator.  Thus,  whatever 
else  happens  the  two  armatures  are  always  running  at  the  same 
speeds,  and  that  speed  is  the  speed  of  the  propeller  shaf  t« 
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Variout  Positioiu  of  Controller 

Od  the  toot,  or  lower,  end  of  the  steering  column  is  an  alumiuum 
core  containing  sunilTy  resistance  coils  and  several  switclies.  The 
effect  of  moving  the  controller  lever  on  the  steering  wheel  is 
described  in  electrical  terms,  and  the  description  should  be  read 
with  continuous  reference  to  Fig.  420,  as  well  as  the  various  cir- 
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cuit  diagrams  given  for  each  position  of  the  controller,  remem- 
bering all  the  while  that: 

(a)  The  generator  field  runs  at  engine  speed. 

(b)  The  motor  field  ia  stationary. 

(c)  Both   armatures  move   together  at  propeller  shaft  speed. 
Neutral  Position — All  circuits  are  open  and  no  electrical  energy 

ia  being  generated  or  used.  The  battery  is  idle  unless  in  use  on  the 
lamp  circuit  at  night.  A  diagram  of  the  connections  for  this 
position  is  given  in  Fig.  422. 

Cranking  Position — Current  from  the  battery  ia  switched  into 
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Fig.  422 — Connections  for  neutral  position  of  controller 

and  electric  brake 


rig.  423 — Connections  for  cranking  position  of  controller 
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i^iflr.  424 — Connections  for  charging  position  of  controller 

the  generator,  causing  it  to  behave  as  a  motor  and  spin  the  engine. 
The  connections  are  shown  in  Fig.  423. 

Charging  Position — When  the  control  lever  is  in  the  charging 
position,  the  battery  may  be  given  a  much  higher  rate  of  charge 
than  would  be  safe  to  establish  for  running  conditions,    So  that 
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if,  for  any  reason,  the  battery  should  be  run  down,  it  can  be 
brought  up  in  a  short  time,  as  a  high  rate  of  charge  is  permissible 
for  a  battery  that  has  not  reached  the  gas  point  and  is  not  warm. 
The  connections  for  this  position  of  the  controller  are  shown  in 
Fig.  424. 

First  Speed  Position — Generator  is  producing  light-  clutching 
effect  and  supplying  maximum  current  to  the  motor.  There  is 
a  maximum  difference  between  engine  and  propeller  shaft  speeds, 
and  greatest  torque  or  pulling  power  is  being  developed.  Con- 
nections are  shown  in  Fig.  425.  The  generator  field  is  shunted 
80  as  to  weaken  it,  while  the  motor  field  is  full  strength,  being 
unshunted. 

Second  Position — Clutching  effect  of  the  generator  is  increased 
and  the  current  supplied  to  the  motor  is  decreased,  which  results 
in  the  car  speeding  up.  The  connections  are  shown  in  Fig.  426. 
Both  the  fields  are  unshunted,  but  the  motor  field  is  still  the 
stronger,  due  to  its  being  wound  with  more  turns. 

Third  Position — Clutching  effect  of  the  generator  is  increased 
further  and  transmits  more  of  the  driving  power  direct  to  the 
propeller  shaft.  The  motor  does  the  work  and  the  car  increases 
in  speed.  The  connections  are  shown  in  Fig.  427.  The  generator 
field  is  unshunted,  but  the  motor  field  is  shunted,  and  it  is  weak- 
ened as  compared  with  the  generator  field,  in  which  case  it  gives 
less  torque  for  a  given  current  but  also  less  counter  electromotive 
force,  and  therefore  less  slip  at  the  generator. 

Fourth  and  Fifth  Positions — The  generator  does  more  work 
and  the  motor  less  at  the  fourth  position  than  in  the  third  posi- 
tion, and  there  is  a  similar  change  in  passing  from  the  fourth 
to  the  fifth  position.  The  generator  field  is  unshunted  but  the 
motor  field  is  shunted,  and  the  resistance  of  this  shunt  is  de- 
creased as  the  controller  moves  toward  a  higher  position. 

High  Speed  Position — In  this  position  the  generator  clutching 
effect  has  increased  to  nearly  locking  point,  and  all  the  driving 
power  is  being  transmitted  direct  to  the  propeller  shaft.  The 
'motor  no  longer  assists  the  generator  but  itself  acts  as  a  generator 
to  charge  starting  and  lighting.  The  connections  are  shown  in 
Fig.  428.  It  will  be  noticed  that  the  motor  has  a  shunt  field 
in  this  position  of  the  controller,  which  is  opposed  by  a  series 
field  in  the  battery  circuit,  making  it  a  differential  generator 
with  an  inherent  self -regulating  characteristic, 
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Fig.  425 — Connections  for  first-speed  position  of  controller 
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Fig,  426 — Connections  for  second-speed  position  of  controller 
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Fig.  427 — Connections  for  third-speed  position  of  controller 
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Electric  Braking 

An  additional  feature  of  the  transmission  is  to  provide  an 
extremely  powerful  electric  brake  which  automatically  releases 
as  the  car  slows  down.  It  cannot  be  used  for  stopping  the  car 
altogether,  because  its  breaking  power  depends  upon  the  motion 
of  the  vehicle,  but  it  is  very  effective  when  the  car  is  traveling 
fast.  If  the  controller  lever  be  put  into  the  neutral  position 
.when  the  car  is  running,  the  heavy  current  induced  by  the  motion 
of  the  car  in  the  circuit  shown  at  the  right  in  Fig.  422  causes  a 
heavy  retarding  action  to  the  progress  of  the  car.  On  grades  this 
electric  brake  will  keep  the  speed  down  to  15  or  20  m.p.li. 

Merits  of  Entz  Transmission 

Some  of  the  merits  of  this  transmission  as  pointed  out  by  its 
manufacturers  are  as  follows:  In  this  system  there  are  no  auto- 
matic   cutouts   or   regulators   or   roller   ratchets.      There   are    no 
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Fig.  428 — Connections  for  sixth-speed  position  of  controller 


chains  or  gear  drives  for  any  of  the  parts.  There  are  two  ample 
sized  dynamo  machines,  direct  connected,  and  a  drum  controller. 
These  take  the  place  of  separate  starting  and  lighting  systems 
v/ith  their  complicated  means  of  driving  and  regulation,  of  the 
friction  clutch  and  its  actuating  mechanism,  and  the  gearshifting 
transmission,  as  well  as  such  telescopic  and  universal  joints  and 
numerous  grease  cups  that  attend  them.  The  car  can  be  brought 
up  to  speed  without  a  jar  or  jerk.  All  power  impulses  of  gasoline 
engine  are  practically  eliminated,  and  the  torque  delivered  by 
the  propeller  shaft  to  the  rear  axle  is  very  uniform.  The  speed 
of  the  car  is  easily  managed  in  traffic  and  on  grades  without  the 
necessity  of  shifting  gears. 
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,  Besistance  to   flow  of_     19 
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tion of 131 

field.        Direction        and 

strength  of 125 
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utor of 421 

beaker  mechanism 421 

closed-circuit  battery  ig- 
nition system 419 

ignition  system,  with  two 
igniting  sparks.  Wiring 

diagram   of 443 

ground  return  wire  ap- 
plied to  Oakland 314 

Resistance       for       battery 

charging.  Calculating  —  42 
in   field   circuit   intermit- 
tently by  magnetic  vi- 
brator. Inserting 200 

in  field  current  intermit- 
tently by  magnetic  vi- 
brator and  lead  control. 

Inserting    207 

of  series  circuit 28 

of  dry  cell.  Internal 90 

of  parallel  circuits 45 

to  flow  of  electricity 13 

unit   function,    Delco 420 

unit.  Interrupter  with 433 

Resistances,  Unequal,  in  se- 
ries. Variation  of  pres- 
sure in 31 

Rhoades     battery     ignition 

system 422 

Right-hand  rule  for  flnding 
direction  of  induced  cur- 
rent   14.S 

,  Principle  of  direct-cur- 
rent motor  and 226 

Ring  armature 234 

armature,  Four-coil,  with 
four-segment  commuta- 
tor    162 

armature,  Simple 16L 

Roller  clutch,  Overrunning-  269 
Rotating    or    drum    switch, 
Leese  Neville  Co 323 
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S.  A.  E.  standards  for  spark 
plug  shells 451 
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Safety  gap  for  high-tension 

magnetos    384 

Saturated,    or    magnetized, 

magnets    122 

Secondary  and  primary  coils  149 

cells,  Primary  and 83 

winding,    Value    of    elec- 
trical pressure  in 3Stt 

Self-excited    shunt    genera- 
tor. Operation  of 179 

Series  and  parallel  circuits 

compared   52 

and  parallel,  Magnetomo- 
tive forces  in 138 

and  shunt  field  windings. 
Cumulative  action  of —  192 

circuit 27 

circuit.    Arrangement    of 

parts   38 

circuit.  Current  relations 

in  a 32 

circuit,  Pressure  relations 

for 29 

circuit,  Besistance  of 23 

electric  lighting  circuit.-     29 
electrical  and   series  wa- 
ter circuits  compared —     27 

field   winding   172 

generator 173 

generator,  Connections  of  173 

motor.  Operation  of 257 

motors.  Field  windings  of  239 

spark   plug   446 

water  and  series  electrical 

circuits  compared    27 

water  circuit  employed  on 

early  cars 28 

Shift  pinion  and  switch  con- 
tractor,   Westinghouse-  275 
Shunt  field    on    third-brush 
machine,  Connection  of —  199 

generator 174 

generator,    Operation    of 

self-excited    179 

motor.  Operation  of 255 

motors.  Field  windings  of  238 
Signals      and      accessories. 

Electric 458 

and  direction  indicators- .  466 


Simms-Huff  multiple- voltage 

wiring  system 316 

Simms  magneto 379 

Single      and      multipole 

switches   323 

and  multiple  systems.  Op- 
erating voltage  of .  317 

ignition    and     singlcunit 
systems  are  not  similar  440 

ignition   system 438 

ignition   system   on  Ford 

cars   440 

unit  starting,  lighting  and 

ignition   system 312 

voltage  systems    317 

Slipping  clutch  controlled 
by    centrifugal    governor. 

Generator  operated  by 218 

Solenoid  and  "mercury 
well''  control  of  field  re- 
sistance   216 

,  Easy  method  of  finding 

north  and  south  poles  of  135 
,  or  coil  with  a  number 

of  turns 132 

,  Polarity  of 134 

Spark  advance  and  piston 
travel,  Determining  rela- 
tion between 400 

coil.    Principle    of    make- 

and-break 367 

,  Eisemann's  device  for 
Automatically  advanc- 
ing and  retarding 400 

plug  electrodes,  Gap  be- 
tween   454 

Pin  -  shells,  S.  A.  E.  stan- 
dards for    451 

plugs   445 

plugs,    Airplane   449 

plugs,  Priming 449 

plugs,    Straight-threaded-  450 
plugs,     Various     methods 

of  installing 453 

plugs.  Waterproof 448 

timing,    398 

Specific  gravity  of  cells 
should  be  determined  at 
regular  intervals 111 
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?p*-fific   gravity  of  electro 

lyte  iD  cell.  ChaDges  in 10*7 

of  electrolyte,  Pete'-min- 
ing ' lOf 

of  Htorage  Vatterv  ira- 
terials,  Changes  in__   _.  104 

Speed  of  motor 254 

Splitdorf- Apelco  chain  driv- 
en dynometer 299 

Splitdorf    low-tension    mag 
neto,      Nomenclature     of 

important  parts 385 

Spotlights  and  mountings 463 

Starting  and  lighting  unit, 

Dynamotor  as 262 

f    lighting    and     ignition 

equipment ^_  305 

,  lightning  and  ignition 
equipment,  Three  fund- 

damental  parts  for 307 

,  lighting  and  ignition 
functions,  Relation  be- 
tween   305 

motor,  Direct  application 
of 386 

motor,    Gear    reduction      on 

Westinghouse    306 

Starting  motor,  General  re- 
quirements   266 

motor  location,  Diagram 
illustrating  possibilities 

of 289 

motor,    Westinghouse,    on 

Chalmers    six    292 

motors 359 

motors.  Location  of 287 

position     of     starting 

Bwitch  319 

switch,  Charging  position 
of, 319 

Steel  best  and  most  expen- 
sive magnetic  material —  237 

Storage  batteries: 

,  Care  of 110 

,  Connections  for  charg- 
ing   113,  i:i 

,  Determining  cost  of 
charging .     76 


Storage  battery: 

and      generator.      Simple 

connection  of 181 

,     Arrangement    of    cells 

and  plates  in 103 

,    Care    of    when    not    in 

service    115 

,   Fundamental  principles 

of 85 

materials,  Changes  in  spe- 
cific gravity  of 104 

Storage  cell: 

,  Ampere-hour  capacity  of  107 
,  Chemical  action  in  dur- 
ing    charge     and     dis- 
charge   . 99 

,  Chemical  action  in  when 

discharging   98 

stores    energy,    not    elec- 
tricity       95 

,  Watthour  capacity  of 107 

Storage   cells.   Arrangement 

of  plates  in  lead 101 

plate.  Lead 1 96 

,  Types  of 96 

Straight    -    threaded    spark 

plugs 450 

Sumpter  impulse  starter 391 

Switch,  Position  of  when  en- 
gine is  idle 190 

Switches  and  protective  de- 
vices     319 

,  Control  and  location 328 

,  Various  types  of 325 
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Temperature  changes  varies 

cell  capacity 108 

,  Effect  of  on  cell  current     91    ^ 
Terminals   of  two-pole   cut- 
outs  — • 188 

Testing  dry  cells 90 

Third-brush  machine 195 

Three-unit  starting,  lighting 

and    ignition    system 308 

Time  constant,  Ignition  cir- 
cuit     r. ^ ,—  404 
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Timer-distributor,    Atwater- 

KeDt   410 

Timing  battery  system 455 

device,  Ei..emann's  high- 
tension  magneto  and  au- 
tomatic    400 

Torque   and   armature    cur- 
rent   and    speed 256 

produced    by    motor .*  254 

required  to  run  engine  at 
definite  speed,  Deter- 
mining         81 

Starting  motor  must  devel- 
op, Determining 80 

Transmission,   Entz   magne- 
tic     481 

,  Merits  of  Entz 488 

parts,    Arrangement    of—  483 

Trouble  lamps 465 

Two-part    commutator.    Op- 
eration  of 227 

Two-pole  cutout 187 

Two-spark    ignition    444 

Two-unit   starting,   lighting 

and  ignition  system 309 

Types  of  magnetic   fields.-  235 


U 


Unit  of  inductaivO 153 

U.  S.  L.  regulator  and  out- 
put,   Wiring    diagram    of  211 
regulator  with  carbon-disc 
resistance.  Operation  o^  210 


Variation  in  electrical  pres- 
sure   156, 158, 160 

Varying  the   valve  of  field 
resistance  by  solenoid 213 

Voltage  coil 82 

Voltage     output.     Constant 

current  and  constant 180 

regulator,  Bosch 210 

Voltmeter      measures      dif- 
ference    in  pressure     be- 


tween    Mectrical     circuit 

t'^rminals 30 

,   Principles  of 355 

Voltmeters,    Combined    am- 
meters and    357 

Volts,  Electrical  force  meas- 
ured in 58 

Vulcanizers,  Electric 469 
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Wagner-Electric    Co.    rotat- 
ing or  drum  switch 324 

Water     and  electrical     cir- 
cuit,    Simple 14 

Water     and  electrical     cir- 
cuits   20,64 

and     electrical       circuits 

contrasted 10 

circuit.      Boosting      pres- 
sure in 34 

circuit.  Parallel 44,  45 

pressure  in  parallel 54 

Waterproof  spark  plugs 448 

Watts,  Output  of  a  genera- 
tor  in   180 

Watthour  capacity  of  stor- 
age cell 107 

meter 359 

meters.  Two  forms  of 75 

Wattmeter  a  combined  am- 
meter and  voltmeter 359 

,  Measuring  motor  power 
by 73 

Westinghouse     battery     ig- 
nition system 423 

breaker  mechanism 424 

head,  tail  and  side  lights  334 
shift    pinion    and    switcli 

contractor    275 

starting    motor    on    Chal- 
mers six 292 

Weston   combined    ammeter 

and    voltmeter    356 

portable   ammeter 352 

Winding,      Bucking      series 

field   193 

,  Series  field 172 
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over  five  thousand  experts  who  were  all  striving 
to  find  a  better  way  to  do  some  job  and  to 
shorten  the  time  required  to  do  it. 

For  example,  a  majority  of  repairmen  when 
they  are  called  on  to  straighten  a  frame,  imme- 
diately start  in  by  dismantling  the  car  and  then 
heat  and  straighten  the  frame.  One  little  kink 
shown  in  this  book  will  save  you  all  that  trouble. 
It  is  a  little  wooden  beam  4  in.  x  6  in.  by  5  ft. 
reinforced  on  each  side  with  iron  34  ^^'  thick. 
The  beam  forms  the  base  of  the  device  to  which 
are  attached  the  steel  arms  which  fasten  to  the 
frame.  A  powerful  jack  is  used  to  apply  the 
required  pressure  to  bring  the  frame  back  to 
normal.  A  chain  may  be  substituted  for  either 
of  the  arms. 

The  car  owner  or  chauffeur  will  find  the  ideas 
given  in  this  encyclopedia  of  repair  kinks  a  val- 
uable reference  book.  A  copy  in  the  car  when 
on  tour  will  probably  save  many  times  its  cost 
if  you  have  trouble. 

That  is  just  one  of  the  1,500  kinks  in  this 
book.  Any  one  of  these  1,500  kinks  may  save 
you  the  price  of  the  book  any  day  of  the  week. 
Buy  it  now.  We  will  refund  your  money  if  you 
don't  find  this  a  good  investment. 

256  Pages.    9  x  12  Inches.    1506  Figures.    Cloth 
Price,  $2.50,  Postpaid 
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